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Dr. Amer was educated at Khartoum, Sudan, and studied medi-
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Controversies in Pneumothorax Treatment
by Khalid Amer
Preface
Having spent nearly 25 years in the specialty of Cardiothoracic Surgery in the UK, 
one would have thought that managing pneumothorax should come as a second 
nature. It doesn’t. Humans collapse their lungs frequently, and the different ways we 
deal with this complication matches its frequency. There are bound to be differ-
ences in opinion, and the multicentre randomized controlled trials have not come 
up with a solid protocol to guide management. During my years of training as a 
cardiothoracic surgeon, I worked for several consultants, without any two of them 
agreeing on the management of this condition. Jean-Marc Gaspard Itard, a student 
of René Laennec's, first recognized the entity of the pneumothorax in 1803, but it 
was Laennec who described the full clinical picture of the condition in 1819 [1]. 
There was no general agreement on therapy when Ruckley and McCormac of the 
Royal Infirmary, Edinburgh described the management of pneumothorax in 1966 
[2]. There is no agreement at our present time either. Robert Cerfolio summarized 
the conflict in few words; “although thoracic surgeons are the best trained physi-
cians to manage chest tubes and pleural problems, they often do not speak the same 
language or recommend similar treatment algorithms even to each other” [3]. This 
sentiment inspired the collation of all information about “pneumothorax” under 
one roof. We aimed it at clinicians who encounter pneumothorax in their practice; 
pulmonologists, thoracic surgeons, pediatricians, obstetricians, and intensivists 
looking after sick ventilated patients in the Intensive Care Units amongst other 
clinicians. Based on published evidence, the book describes evidence and contem-
porary management of primary and secondary pneumothorax, when to adopt con-
servative management for first time primary pneumothorax and when to abandon 
it for surgical solutions. The evidence is discussed for and against key hole and open 
operations. Strategies for special circumstances are discussed, such as pneumotho-
rax around menstrual cycles, during pregnancy, and before general anesthesia for 
other reasons, air travel, and scuba diving. A separate chapter highlights the current 
controversies about the different modalities of treatment. This is a book for every 
clinician struggling to find evidence on the best practice, and lost among the dif-
ferent contradicting rules and taboos of current practice. Further research remains 
the only way forward to narrow down our choices for what to do in the different 
scenarios of “pneumothorax”.
Mr. Khalid M A Amer
FRCS (C Th) [Fellow of the Four Royal Colleges of Surgery Cardio Thoracic]
FRCS (en) [Fellow of the Royal College of Surgeons – England]
MD Clinical Surgery – University of Khartoum,
Sudan
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Spontaneous pneumothorax (SP) is a type of collection of air in the pleural cav-
ity that develops in the absence of trauma or iatrogenic cause. Its management has 
been a matter of debate for many decades. Nevertheless, clear guidelines from the 
American, British and European societies have been published. In this chapter, we 
will discuss the different society guidelines and the inter-guideline variations. We 
will also discuss the author’s perspective for management of first-time pneumotho-
rax which is an unsettled issue between respiratory physicians and thoracic sur-
geons. Finally, deviation from clinical guidelines is usually associated with deficient 
patient care, and in this chapter, the reflection on patient care from not following 
the pneumothorax guidelines will be discussed in detail.
Keywords: spontaneous pneumothorax, guidelines, first-time attack,  
indication for surgery, chest tube, primary pneumothorax, secondary pneumothorax
1. Introduction
Spontaneous pneumothorax (SP) is a type of collection of air in the pleural 
cavity that develops in the absence of trauma or iatrogenic cause [1, 2]. It is further 
classified as primary and secondary SP (PSP/SSP). While PSP affects patients 
with no clinically apparent lung disorders but small subpleural blebs/bullae, SSP 
involves an underlying pulmonary disease, which most often is chronic obstructive 
pulmonary disease (COPD) [2]. Spontaneous pneumothorax is a significant health 
burden, with annual incidences of 18–28 and 1.2–6 cases per 100,000 men and 
women, respectively [3]. The annual incidences of PSP among men and women are 
7.4–18 (age-adjusted incidence) and 1.2–6 cases per 100,000 population, respec-
tively; the annual incidences of SSP are similar, approximately 6.3 and 2 cases per 
100,000 men and women, respectively [3].
Patients usually present with chest pain or breathlessness or both. Associated 
haemodynamic instability is an indication of a tension pneumothorax. The patho-
physiology of PSP is a ruptured bleb or bullae which is usually located at the apex 
of the upper lobe or less frequently in the apical segment of the lower lobe. There 
is no known predisposing factor for its rupture and the resultant pneumothorax. 
SSP is caused more frequently by rupture of bullae in an underlying diseased 
lung, most commonly due to COPD/emphysema. It carries a significantly higher 
risk than PSP with mortality approaching 15% mainly due to associated patient 
comorbidities and low pulmonary reserve [4]. These differences between PSP and 
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2. Percutaneous needle aspiration or chest tube drainage?
The evidence for needle aspiration NA as the initial treatment for spontaneous 
pneumothorax has been growing over the years. It is a simple, safe procedure and 
the learning curve for performing it is shorter than the classic chest tube drain-
age (CTD). It can also be performed in an out-patient setting, and if patients do 
require hospitalization, it usually requires a shorter hospital stay. Despite this, the 
guideline for using NA as an initial intervention is more evident in the European 
guidelines in comparison to the American guidelines for management of spontane-
ous pneumothorax.
The British Thoracic Society (BTS) guideline [5] and European Respiratory 
Society (ERS) task force statement [6] recommend aspiration as the first inter-
vention, when needed, for all PSP without tension or haemodynamic instability. 
The BTS guideline is considered more modest for SSP: Needle aspiration can be 
considered for symptomatic patients with small spontaneous pneumothorax in an 
attempt to avoid CTD. On the other hand, the American College of Chest Physicians 
(ACCP) guideline [7] does not include needle aspiration for any patients with 
spontaneous pneumothorax. The classification of a small pneumothorax in the BTS 
guidelines is <2 cm on a chest X-ray.
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Studies comparing needle aspiration with chest tube drainage for management of spontaneous pneumothorax.
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In cases of CTD, the BTS guidelines in 2003 [8] recommended insertion of the 
tube in the safety triangle of the chest to minimize the risks of possible injuries 
caused by the tube. The guidelines encourage physicians and surgeons to use the 
triangle in simple non-complicated pneumothoraces.
In a Cochrane review by Wakai et al. [9], they found no significant difference 
between simple needle aspiration and intercostal tube drainage for initial man-
agement of PSP regarding early failure rate, immediate success rate, duration of 
hospitalization, 1-year success rate and number of patients requiring pleurodesis at 
1 year. Simple needle aspiration was associated with a reduction in the percentage 
of patients hospitalized when comparing it with intercostal tube insertion. Again, 
another recent meta-analysis by Kim and his colleagues [10] comparing seven 
studies for initial management of primary spontaneous pneumothorax showed 
that the recurrence rate of aspiration and intercostal tube drainage did not differ 
significantly, and again NA was associated with a shorter hospital patient stay. NA 
was however associated with inferior results regarding early resolution of pneumo-
thorax in comparison to CTD. Table 1 summarizes the studies performed showing 
the efficacy of NA in both PSP and SSP.
3. Indications of intervention according to the guidelines
The European Respiratory Society task force [6] for management of primary 
spontaneous pneumothorax has suggested five indications for definitive manage-
ment: second-attack pneumothorax, persistent air leak 3–5 days, haemopneumo-
thorax, bilateral pneumothorax and special occupations (divers and pilots).
The BTS guidelines [5, 8] agree with the same indications. The 2003 guidelines 
[8] had specified persistent air leak for 5 days in PSP and 3 days in SSP, but the 2010 
[5] guidelines mention 5–7 days as an arbitrary number for persistent air leak for 
both PSP and SSP. The reason for giving a longer time period in PSP to wait for in 
the 2003 guidelines is that there is a better chance of healing of a ruptured bullae/
bleb with the underlying normal lungs with PSP, while in SSP, the diseased lungs 
have a lower chance of sealing the leaking lesion if they have not done so in the first 
3 days. The guidelines also add pregnancy as an indication for intervention.
The ACCP guidelines [7] mention 4 days of conservative treatment in patients 
with persistent air leak after drain insertion for spontaneous pneumothorax before 
surgical intervention. Again, the same indications mentioned by other guidelines 
are considered in the Delphi consensus statement.
The main indication in all guidelines for definitive intervention in cases of PSP 
and SSP is recurrence. The reason behind this is that the chances of a pneumothorax 
not recurring after the first attack are usually more than the chances recurring, and 
hence patients after the first attack are given a chance of no intervention provided 
their first pneumothorax has healed. Chances of recurrence after a second attack 
(ipsilateral or contralateral) are in the range of 60–80%, and hence patients are not 
usually offered the conservative option. Opponents of this opinion would argue 
that the chances of recurrence after the first attack are still too high to be accept-
able for any logical patient. Estimates of the incidence of recurrent PSP range from 
25 to more than 50%, with most recurrences seen within the first year [17]. As an 
example, a study of 153 patients with PSP found a recurrence rate of 54% [18].
Female gender, tall stature in men, low body weight and failure to stop smoking 
have been associated with an increased risk of recurrence [18, 19]. Unfortunately, 
most patients have a very unpleasant experience with their first attack of pneumo-
thorax. The sensation of chest pain with breathlessness sounds like ‘I felt I am going 
to die’ as patients may express. The other unpleasant experience is insertion of a 
Pneumothorax
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chest drain for drainage which is very frequently painful even with using gener-
ous local anaesthesia. These experiences usually form a painful memory scar for 
the patients and their parents which they would not like to experience again if the 
intervention to treat it carries a very low risk.
Figure 1 shows a flowchart summary recommended by the author for the dif-
ferent published guidelines for indications of intervention in primary spontaneous 
pneumothorax.
4. Guidelines for management of first-attack pneumothorax
In recent years there has been a trend towards a more conservative approach to 
management of primary spontaneous pneumothorax, based on the principle that 
intrapleural air does not necessarily require a therapeutic intervention and that 
management depends on the clinical symptoms and not on the size of the pneu-
mothorax [20]. This conservative approach may be appropriate as tension pneu-
mothorax from a PSP is extremely rare [21]. In selected patients with minimal or 
no symptoms and good access to medical care in case of deterioration, observation 
alone may be appropriate.
Figure 1. 
Simple flowchart summary for management of primary spontaneous pneumothorax.
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Within the current British Thoracic Society guidelines (from 2010), there is a 
significant emphasis on a conservative approach to treatment [5] with management 
predominantly based on clinical symptoms. In contrast, the American College of 
Chest Physicians Delphi consensus statement (from 2001) recommended a more 
aggressive approach, with intercostal drain placement recommended in any pneu-
mothorax larger than 20% of the hemithorax, irrespective of the symptoms [7].
Patients with an attack of tension pneumothorax (quite rare in PSP) and more 
commonly patients with a first attack associated with complete lung collapse should 
be counselled about the benefits of definitive intervention with VATS due to the 
life-threatening condition of a tension pneumothorax or the higher than usual risk 
of recurrence associated with a complete collapsed lung. This is probably due to an 
associated larger bulla with a completely collapsed lung, and hence the chances of 
re rupture seem higher than a simple smaller size pneumothorax attack which is 
usually associated with a bleb or small bulla.
It is in the previous context that current clinical practice guidelines for manage-
ment of spontaneous pneumothorax tend to avoid use of surgery for patients with 
only a single episode of PSP. The trauma—considering not only physical but also 
perhaps psychological—of receiving such major surgery for a simple benign disease 
in a young patient was considered quite excessive if the recurrence rate of attacks 
is not high. The 2003 British Thoracic Surgery Guidelines for the management of 
spontaneous pneumothorax specifically referred to an open thoracotomy as the 
‘gold standard’ for surgical management [8].
With this in mind, it would be unsurprising that clinicians are reluctant to offer 
such aggressive surgery. This is reflected in those guidelines listing the indications 
for surgery to only be first contralateral pneumothorax, second ipsilateral pneumo-
thorax, synchronous bilateral spontaneous pneumothorax, single attack of tension 
pneumothorax, a persistent air leak after chest drain insertion, and spontaneous 
significant haemothorax [5–8]. First episode PSP is deliberately excluded. In a 
similar context back in 2001, the American College of Chest Physicians consensus 
statement on the management of spontaneous pneumothorax explicitly states that 
‘procedures to prevent the recurrence of a primary spontaneous pneumothorax 
should be reserved for the second pneumothorax occurrence’ [7].
It is therefore evident that views on surgical indications are influenced by the 
perceived harm from surgery, the aggression of intervention and the simplicity of 
the disease. Over the past decade or more since the above guidelines, the trauma 
from thoracotomy remains existing. What we think has changed, though, is the cur-
rent view of whether an open thoracotomy remains the surgical approach of choice 
across the world.
The combination of lowered morbidity with equivalent efficacy at preventing 
recurrence means that open thoracotomy should no longer be regarded as the first-
line approach for the surgical management of PSP [22, 23]. Today, VATS has become 
the approach of choice by surgeons throughout the world, and it is rare to find trau-
matic open thoracotomy being offered to young patients with PSP especially that 
many are young patients and could be manual workers where thoracotomy would 
be an obstacle to perform their job satisfactorily. Compared to the 2003 version, 
the latest British Thoracic Surgery Guidelines for the management of spontaneous 
pneumothorax published in 2010 pointedly no longer uses the words ‘gold standard’ 
in relation to open thoracotomy [5, 8]. Instead, it is very noticeable that when the 
latest guidelines advised surgical pleurodesis for specific circumstances (such as 
pregnancy), VATS is the only approach named, and open thoracotomy is nowhere 
to be seen.
In summary, the management of a first-attack pneumothorax according to the 
current guidelines is debatable and incoherent. Advice will range from conservative 
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chest drain for drainage which is very frequently painful even with using gener-
ous local anaesthesia. These experiences usually form a painful memory scar for 
the patients and their parents which they would not like to experience again if the 
intervention to treat it carries a very low risk.
Figure 1 shows a flowchart summary recommended by the author for the dif-
ferent published guidelines for indications of intervention in primary spontaneous 
pneumothorax.
4. Guidelines for management of first-attack pneumothorax
In recent years there has been a trend towards a more conservative approach to 
management of primary spontaneous pneumothorax, based on the principle that 
intrapleural air does not necessarily require a therapeutic intervention and that 
management depends on the clinical symptoms and not on the size of the pneu-
mothorax [20]. This conservative approach may be appropriate as tension pneu-
mothorax from a PSP is extremely rare [21]. In selected patients with minimal or 
no symptoms and good access to medical care in case of deterioration, observation 
alone may be appropriate.
Figure 1. 
Simple flowchart summary for management of primary spontaneous pneumothorax.
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management of ‘doing nothing’ up to a VATS intervention on the next available list. 
Needle aspiration and chest tube drainage are commonly used modalities, but CTD 
will remain the most common and classic intervention for an attack of pneumo-
thorax worldwide. It is the author’s preference to send patients for a VATS interven-
tion on the next available list without inserting a chest tube (provided there is no 
respiratory compromise) to allow a shorter hospital stay, allow patients to return 
to work or school as early as possible and most importantly avoid the high risk of 
recurrence. Table 2 shows studies starting more than two decades ago considering 
VATS for first-attack pneumothorax.
A conservative approach with follow-up or needle aspiration seems as a reason-
able first-line option in a first-attack small-sized pneumothorax. In patients with 
a large pneumothorax who are not keen for surgery or with hospital logistics that 
would hinder the availability of VATS intervention on the next morning list due 
to lack of facilities or personnel, a chest drain insertion is the most reasonable 
option. Further intervention will then be guided by the time of resolution of the 
pneumothorax, availability of a VATS intervention service and patient wishes after 
understanding the risks of recurrence after the first attack.
5. Guideline recommendations for lifestyle changes post pneumothorax
Recommendations for passengers travelling by air after an attack of pneumotho-
rax was largely based on anecdotal case reports [30, 31]. A pneumothorax, espe-
cially an undrained one, is however an absolute contraindication to all commercial 
air travels [32]. Travelling with a chest drain inserted for pneumothorax had no 
published guidelines or recommendations. It is theoretically safe, but most airlines 
would not be willing to accept such a risk and would need documented medical 
input and insurance approval to allow patients to travel.
According to the BTS guidelines, commercial airlines advise individuals to avoid 
air travel for 6 weeks after an episode of primary spontaneous pneumothorax and 
stress that patients should not fly until resolution has been confirmed [8].
Although there is no evidence that recurrence is caused by flying, the conse-
quences of a pneumothorax occurring during a flight could be serious because of 
the lack of medical care. Restrictions on flying may be more justified in patients 
for whom pneumothorax is associated with higher risk, such as smokers and 
patients with underlying lung disease (secondary spontaneous pneumothorax). In 
patients with secondary pneumothorax who have not been treated surgically, air 
travel should be avoided for 1 year after an episode (grade C recommendation). 
Patients with a history of pneumothorax who have not been treated surgically 
should also be advised against practising high-risk sports, such as diving (grade C 
recommendation) [8].
The performance of a VATS procedure can offer patients more safety to fly or 
practise diving sports. This makes patients with occupations as pilots and scuba 
divers candidates for a VATS intervention even with a first-attack pneumothorax. 
Definitive treatment significantly reduces the risk of recurrence and makes air 
travel safer from an airline point of view [30]; however, an individual clinical deci-
sion is usually made by the treating clinician, considering both airline policy and 
details of relevant insurance.
There are no specific guidelines regarding lifestyle modification to prevent 
patients from having another attack of pneumothorax apart from advising all 
patients to stop smoking. Despite the apparent relationship between smoking and 
pneumothorax, 80–86% of young patients continue to smoke after their first epi-
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will remain the most common and classic intervention for an attack of pneumo-
thorax worldwide. It is the author’s preference to send patients for a VATS interven-
tion on the next available list without inserting a chest tube (provided there is no 
respiratory compromise) to allow a shorter hospital stay, allow patients to return 
to work or school as early as possible and most importantly avoid the high risk of 
recurrence. Table 2 shows studies starting more than two decades ago considering 
VATS for first-attack pneumothorax.
A conservative approach with follow-up or needle aspiration seems as a reason-
able first-line option in a first-attack small-sized pneumothorax. In patients with 
a large pneumothorax who are not keen for surgery or with hospital logistics that 
would hinder the availability of VATS intervention on the next morning list due 
to lack of facilities or personnel, a chest drain insertion is the most reasonable 
option. Further intervention will then be guided by the time of resolution of the 
pneumothorax, availability of a VATS intervention service and patient wishes after 
understanding the risks of recurrence after the first attack.
5. Guideline recommendations for lifestyle changes post pneumothorax
Recommendations for passengers travelling by air after an attack of pneumotho-
rax was largely based on anecdotal case reports [30, 31]. A pneumothorax, espe-
cially an undrained one, is however an absolute contraindication to all commercial 
air travels [32]. Travelling with a chest drain inserted for pneumothorax had no 
published guidelines or recommendations. It is theoretically safe, but most airlines 
would not be willing to accept such a risk and would need documented medical 
input and insurance approval to allow patients to travel.
According to the BTS guidelines, commercial airlines advise individuals to avoid 
air travel for 6 weeks after an episode of primary spontaneous pneumothorax and 
stress that patients should not fly until resolution has been confirmed [8].
Although there is no evidence that recurrence is caused by flying, the conse-
quences of a pneumothorax occurring during a flight could be serious because of 
the lack of medical care. Restrictions on flying may be more justified in patients 
for whom pneumothorax is associated with higher risk, such as smokers and 
patients with underlying lung disease (secondary spontaneous pneumothorax). In 
patients with secondary pneumothorax who have not been treated surgically, air 
travel should be avoided for 1 year after an episode (grade C recommendation). 
Patients with a history of pneumothorax who have not been treated surgically 
should also be advised against practising high-risk sports, such as diving (grade C 
recommendation) [8].
The performance of a VATS procedure can offer patients more safety to fly or 
practise diving sports. This makes patients with occupations as pilots and scuba 
divers candidates for a VATS intervention even with a first-attack pneumothorax. 
Definitive treatment significantly reduces the risk of recurrence and makes air 
travel safer from an airline point of view [30]; however, an individual clinical deci-
sion is usually made by the treating clinician, considering both airline policy and 
details of relevant insurance.
There are no specific guidelines regarding lifestyle modification to prevent 
patients from having another attack of pneumothorax apart from advising all 
patients to stop smoking. Despite the apparent relationship between smoking and 
pneumothorax, 80–86% of young patients continue to smoke after their first epi-
sode of PSP [33]. Smoking cessation remains the only reversible risk factor known 
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to reduce the chance of recurrence although we should not neglect the deleterious 
role of marijuana and cannabis smoking as a risk of PSP. From the author’s point 
of view, cannabis has a more destructive effect on the lung parenchyma exposing 
patients to a higher risk of first-attack and recurrent pneumothorax. This has also 
been noted elsewhere [34]. Smoking cessation advice is therefore given to all our 
patients who smoke after the first episode of spontaneous pneumothorax.
6. Hazards of non-compliance with pneumothorax guidelines
Despite the availability of published guidelines, there has been a recording in the 
English literature of non-compliance or deviation from the guidelines, which has 
occasionally resulted in inconsistency or patient harm in management of spontane-
ous pneumothorax. We have previously published our experience in a large UK 
tertiary centre [35] where the median time to referral from chest physicians to tho-
racic surgeons after the 2003 BTS guideline publication was 10 days for a persistent 
pneumothorax which is longer than any time suggested by all guidelines. This has 
resulted in a higher incidence of developing empyema and the more frequent need 
of a thoracotomy rather than VATS treatment for patients with delayed referral. 
Delayed referral is one of the most common areas of deviation from published 
pneumothorax guidelines.
When assessing a pneumothorax, the size will determine the initial step of 
management, ranging from conservative treatment, needle aspiration up to chest 
tube drainage in larger pneumothoraces. There is discrepancy in size calculations of 
pneumothorax between different guidelines, and this has resulted in inconsistency 
in management. Kelly and Clooney have noticed this with management of 234 
patients managed in Australia [36], and patients with a large pneumothorax were 
treated conservatively. Yoon et al. have studied size calculation of PSP in 87 patients 
in a tertiary UK centre and found significant discrepancy between the size calcula-
tion suggested in the BTS guidelines (resulting in only 70% compliance) and the 
ACCP guidelines (resulting in only 32% compliance) with consequent inconsistent 
management [37]. Sole blame on physicians and surgeons applying the guidelines 
can be unfair as there is obvious inconsistency in size calculation between different 
pneumothorax guidelines [38], and estimation of the size using only a chest X-ray 
can yield variable results [39].
The BTS guidelines [8] suggest explicitly inserting a chest drain for simple 
spontaneous pneumothorax in the ‘safe triangle of chest’. We have previously pub-
lished that knowledge of the guidelines regarding this site of insertion is deficient in 
surgeons and physicians involved in insertion of chest drains [40]. This resulted in 
more than 50% of drains inserted being outside the ‘safe triangle’ exposing patients 
to an unnecessary risk of higher morbidity associated with this common everyday 
procedure.
7. Summary
To conclude, the current guidelines available for treatment of spontaneous 
pneumothorax would state that in cases of spontaneous pneumothorax, patients 
will be assessed for clinical status and size of pneumothorax. In a very small PSP 
pneumothorax with no clinical complaint, it would be reasonable to discharge the 
patient and follow up. All patients with SSP require hospital admission. In a sizable 
pneumothorax with symptoms, the BTS and ERS guidelines would recommend 
needle aspiration with chest drain insertion if failed. The ACCP guidelines would 
9
Indications of Surgery in Pneumothorax
DOI: http://dx.doi.org/10.5772/intechopen.88640
recommend a chest drain straightaway. If the pneumothorax persists for 3–7 days 
according to different guidelines, definitive treatment is required. The BTS, ACCP 
and ERS guidelines choose first-attack tension pneumothorax, bilateral pneumo-
thoraces and special occupations (pilots and divers) as indications for definitive 
intervention after one attack of spontaneous pneumothorax, while the BTS guide-
lines add pregnancy and previous pneumonectomy as indications.
All guidelines agree that second-attack ipsilateral and first-attack contralateral 
recurrent pneumothorax are indications for intervention. The management of first-
attack pneumothorax is debatable in all guidelines and will range from conservative 
management up to performing a VATS for definitive treatment. This will depend 
on the clinical situation, availability of resources/personnel and patient wishing 
to avoid the relatively high chance of recurrence. With the advancement in VATS 
techniques and significant reduction in risk of recurrence with a VATS interven-
tion, it could be reasonable to perform the procedure on the next available list. 
A VATS procedure should be the standard surgical procedure for pneumothorax 
patients, and an open thoracotomy is no longer considered the ‘gold standard’ in all 
guidelines. All patients with an attack of spontaneous pneumothorax need lifestyle 
modifications regarding their smoking status, sport activity and travelling through 
air flights.
Physicians and thoracic surgeons should be aware of the current available 
guidelines for management of spontaneous pneumothorax. Deviation from the 
guidelines, particularly regarding the time to refer patients for definitive treatment, 
is associated with higher patient morbidity (particularly developing an empyema), 
increased hospital stay and higher medical costs.
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Pneumothorax, a Clinical 
Challenge
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Abstract
Primary spontaneous pneumothorax (PSP) is a common disease in medical 
practice that affects young healthy people with a significant recurrence rate. PSP is 
the presence of air in the pleural space not caused by injury or medical intervention. 
Some risk factors include male gender, age, and smoking. Classic clinical presenta-
tion starts with acute-onset chest pain and shortness of breath. Physical examina-
tion can be normal in small pneumothoraces, but in larger pneumothoraces, breath 
sounds and tactile fremitus are typically decreased or absent, and percussion is 
hyperresonant. Chest X-ray can help confirm the diagnosis. Evacuation of air from 
the pleural cavity and prevention of future recurrences are the primary goals of 
treatment and depend on the patient’s presentation. Initial deciding factors to direct 
the management are first-time or recurrent spontaneous pneumothorax and size 
of the pneumothorax. Treatment may include conventional chest tube drainage, 
video-assisted thoracoscopic surgery (VATS), or open surgery.
Keywords: pneumothorax, pleural cavity, chest tube drainage,  
video-assisted thoracoscopic surgery
1. Introduction
Pneumothorax is defined as an abnormal collection of air in the pleural cavity, 
which is a potential space between the two pleurae (visceral and parietal) of the 
lungs [1]. Itard, a student of Laennec, first coined pneumothorax in 1803, but it was 
not until 1932 that it was realized that spontaneous pneumothorax was not always 
caused by tuberculosis. Pneumothorax is classified as spontaneous, traumatic, or 
iatrogenic (Figure 1). Primary spontaneous pneumothorax (PSP) occurs in patients 
without underlying lung disease or without a precipitating event, and it is a com-
mon disease in medical practice with a significant global health problem affecting 
adolescent and young adults. Notwithstanding the absence of pulmonary disease, 
many of these patients have asymptomatic subpleural blebs and bullae; they are 
found in up to 90% of cases at thoracoscopy or thoracotomy and in up to 80% of 
cases on CT scanning of the thorax [2]. PSP is a benign condition, which resolves 
spontaneously in the majority of cases [3]. Secondary spontaneous pneumothorax 
is a complication of a preexisting lung disease and the major causes in descending 
order are airway disease (chronic obstructive pulmonary disease or cystic fibrosis), 
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is a complication of a preexisting lung disease and the major causes in descending 
order are airway disease (chronic obstructive pulmonary disease or cystic fibrosis), 
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infectious lung disease, interstitial lung disease (sarcoidosis), connective tissue 
disease (Marfan syndrome or Ehlers-Danlos syndrome), cancer, and thoracic endo-
metriosis. Traumatic pneumothorax is caused by penetrating and non-penetrating 
(blunt) trauma to the chest. Iatrogenic pneumothorax results from a complication 
of a diagnostic or therapeutic intervention [4].
The most important risk factor of primary spontaneous pneumothorax is 
tobacco smoking, and the number of cigarettes smoked per day contributes to the 
increased risk. Cannabis smoking is associated with bullous disease. Smoking sus-
pension is the only modifiable risk factor for recurrence of PSP. Catamenial pneu-
mothorax is a rare condition associated with the presence of thoracic endometriosis 
and affects women before or after 72 hours of the start of menstruation. Other risks 
include male gender and age with peaking between 15 and 34 years. Clinical presen-
tation in patients with spontaneous pneumothorax depends on the size of pneumo-
thorax. PSP may be asymptomatic or may be suspected by typical clinical features. 
The most common symptoms are abrupt onset of chest pain and breathlessness; the 
findings on physical exam may include absent breath sounds, reduced ipsilateral 
chest expansion, and hyperresonant percussion [5]. The presence of hypotension 
and tachycardia may indicate tension pneumothorax that occurs when the intra-
pleural pressure exceeded atmospheric pressure, caused mediastinal deviation, and 
reduced venous return and cardiovascular collapse [6]. The diagnosis is suggested 
by patient’s history and findings on examination and is confirmed with chest X-ray; 
Figure 1. 
Classification of pneumothorax. Adapted from Noppen M. European Respiratory Review. 2010;19:217–219.
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the radiographic sign is the displacement of the pleural line and an absence of lung 
markings between the edge of the pleura and chest wall. Computed tomography 
(CT) provides sensitive and specific imaging for the detection of pneumothorax, 
but it is not recommended routinely except if loculated pneumothorax or lung 
disease is suspected. The diagnosis may be clearly made on a chest radiograph, and 
an excess radiation dose should be avoided in this young patient population [7].
The difference between primary, secondary, traumatic, and iatrogenic 
pneumothorax is important to be defined because of the different management 
strategies required for their treatment. The goal of treatment is to remove the air 
from the pleural space and decrease the recurrence. Management options range 
from observation to aspiration or drainage to thoracic surgical intervention and 
is guided by presenting symptoms: hemodynamic compromise, size and cause of 
pneumothorax. As well as it is the first time or recurring pneumothorax. PSP can 
be treated conservatively; patients with first episode who are asymptomatic and 
have a small pneumothorax need simple clinical observation, analgesia, and oxy-
gen therapy that increased the rate of reabsorption. The removal of air from the 
pleural space can be achieved with needle aspiration or chest drain insertion [7, 8]. 
Simple aspiration and chest tube drainage are the most frequently used methods 
for the initial treatment of primary spontaneous pneumothorax. Aspiration should 
be the primary treatment in uncomplicated cases; the insertion of an aspiration 
catheter is easier and safer than chest tube drainage and is recommended in the 
guidelines. Chest tube drainage is the most popular and recommended air evacu-
ation technique, but this method does not provide any definitive recurrence 
prevention [9, 10]. Video-assisted thoracic surgery (VATS) is a minimally invasive 
procedure, and its advantages include less postoperative pain, better postopera-
tive pulmonary function, shorter length of hospital stay, and less invasive than 
thoracotomy. Thoracoscopic evaluation of primary pneumothorax shows that this 
disorder is regularly associated with apical subpleural blebs or bullae. Pleurodesis, 
either mechanical or chemical, using talc has to be applied to decrease the risk of 
recurrence of PSP [11, 12]. Open thoracotomy plus pleurectomy are used in the 
case of recurrent ipsilateral PSP, simultaneous bilateral PSP, an episode of PSP 
following a previous episode of contralateral PSP, first episode of tension pneumo-
thorax, significant spontaneous hemopneumothorax at first episode, persistent air 
leak through the chest tube for more than 5–7 days, or failure of the lung to re-
expand despite adequate pleural space drainage in the first episode. Open surgery 
has the lower recurrence rate [13]. The main complication of primary spontaneous 
pneumothorax is recurrence, which is greater after conservative treatment. Some 
risk factors for recurrence are younger age, male sex, and low body mass index 
[14]. A preventive procedure like thoracotomy or thoracoscopy plus pleurodesis 
may be recommended after the first episode of pneumothorax, with the objective 
to reduce the rate of recurrence. Some agents have been investigated for pleurode-
sis, but talc poudrage has presented the best results until now [15].
2. Epidemiology
Pneumothorax is defined as the presence of air in the pleural space. For air to 
enter into the pleural space from the capillary blood would require pleural pres-
sure lower than −54 mmHg (< −36 cm H2O), which is difficult to obtain in normal 
circumstances [16].
If air is present in the pleural space, some of these events may have occurred:
1. Communication between alveola and pleura
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If air is present in the pleural space, some of these events may have occurred:
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2. Communication between the atmosphere (direct or indirect) and the pleural 
space
3. Presence of gas-producing organisms in the pleural space
PSP has an incidence of 7.4 to 18 cases per 100,000 population each year in 
males and 1.2 to 6 cases per 100,000 populations each year in females [17, 18]. Risk 
factors for PSP include tall thin people, male sex, and smoking. The recurrence 
range is 25–50%, and most recurrences occur in the first year [19]. Female gender, 
tall male, low body weight, and persistent smoking are associated with a high rate 
of recurrence [20]. In the largest epidemiologic study of PSP from Bobbio et al. with 
42,595 patients, they found that the mean age was significantly greater in women 
than in men (41 ± 19 vs. 37 ± 19 p < 0.0001), rehospitalization was more frequent 
in women than in men in patients aged <50 years (p < 0.0001). In the 50–64 years 
age group, surgical procedures and rehospitalizations were more frequent in men 
than in women (p = 0.002 and p < 0.0001, respectively). The most commonly 
performed procedures were thoracoscopic resection of blebs (52% of cases) and 
talc pleurodesis (24% of cases). Surgery was associated with younger age, second-
ary pneumothorax, and ICU surveillance (p < 0.001) [21]. Moderate smoking (22 
cigarettes/day) increases the risk of first episode of PSP up to 22 times. PSP usually 
occurs at rest, so the lack of physical activity should be avoided in the counseling of 
these patients [17]. Thoracic endometriosis may lead to catamenial pneumothorax 
and should be considered in women with PSP temporally related to menstruation 
[22]. Malnutrition in patients with anorexia nervosa may lead to the development of 
PSP. Birt-Hogg-Dubé syndrome (which predisposes patients to benign skin tumors 
and renal cancers) is an autosomal dominant condition defined as a rare cause of 
PSP [23]. Precipitating factors include atmospheric pressure changes and exposure 
to loud music [24, 25].
An increased frequency of PSP is seen in patients with Marfan syndrome and 
homocystinuria. Marfan syndrome is a common inherited connective tissue dis-
order with typical skeletal, ocular, and cardiovascular manifestations. Pulmonary 
involvement occurs less frequently, with PSP being the most frequently reported. 
Karpman et al.’s study in 2011 found a prevalence of pneumothorax in patients 
with Marfan syndrome between and 11%. The increased risk of pneumothorax has 
been attributed to the presence of apical blebs, bullae, and abnormal connective 
tissue constituents in the lung parenchyma or increased mechanical stresses in 
the lung apices due to the tall body habitus. Patients who have Marfanoid features 
such as long stature, hyperextendable joints, and dislocated lens should be studied 
by CT scanning to identify blebs and bullae. This may allow risk stratification for 
pneumothorax in patients with this syndrome and also favors identification of 
aortic root disease, which leads to aneurysmal dilation, aortic regurgitation, and 
dissection [26, 27]. A multidisciplinary approach is fundamental in these patients 
and their family, who must be thoroughly investigated, to confirm the disease and 
to initiate the treatment, thus decreasing mortality, especially due to cardiovas-
cular causes; also a medical genetics consultation should be provided for genetic 
counseling [28].
PSP recurrence rates are typically cited as between 16 and 52%, which makes 
counseling about future risk difficult and creates uncertainty regarding the 
optimal management. Thoracic Society guidelines advise that pneumothorax 
recurrence is an indication for surgery (whether second ipsilateral or first con-
tralateral) [29]. Unfortunately, there is no consensus on which treatment offers 
the best reduction in risk of recurrence [6]. A systematic review demonstrates a 
32% PSP recurrence rate, with almost all the risk in the first year. Recurrence rates 
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did not differ based on the initial intervention for PSP. Female sex was associated 
with higher risk, suggesting possible sex-specific pathophysiology. Also lower 
BMI and radiological evidence of dystrophic lungs were associated with higher 
risk of recurrence (bullae on computed tomography (CT) and pleural thickening 
on chest radiography), until smoking cessation was associated with a fourfold 
decrease in risk [30].
3. Clinical presentation
Symptoms in primary spontaneous pneumothorax may be minimal or absent. 
These clinical symptoms depend on proportion and the size of the pneumotho-
rax. Patients may present an abrupt onset of pleuritic chest pain associated with 
dyspnea and shortness of breath, and some patients may experience shoulder tip 
pain [29]. Severe symptoms are not common, and when this happens it suggests 
a tension pneumothorax. Typical examination findings in primary spontaneous 
pneumothorax include ipsilateral decreased breath sounds on auscultation, percus-
sion hyperresonance, and thoracic hypoexpansion. The presence of observable 
breathlessness has influenced subsequent management in previous guidelines [29, 
31]. Hemodynamic compromise is unusual in PSP. Arterial blood gas measurements 
are frequently abnormal in patients with pneumothorax. Arterial oxygen tension 
is lower according to the extent of the pneumothorax but oxygen saturations are 
adequate, and pulmonary function tests are poor predictors of the presence or size 
of a pneumothorax [32].
The clinical features in tension pneumothorax are shortness of breath, dyspnea, 
tachypnea, respiratory distress, hypoxemia, hypotension, tachycardia and ipsilat-
eral decreased air entry, and percussion hyperresonance. This condition requires 
an urgent thoracic decompression when the diagnosis is suspected, and the clini-
cians should be prepared to perform urgent thoracic decompression without chest 
radiographic confirmation in these patients [31].
4. Diagnosis
4.1 Plain chest X-ray
The diagnosis of pneumothorax is usually confirmed by imaging techniques 
such as PA chest radiograph, and the excess radiation dose should be avoided in 
this young patient population. The diagnostic hallmark is the displacement of the 
pleural line. The pneumothorax is most frequently seen at the lung apex, but lateral, 
subpulmonic, and medial collections of air can also be seen [33]. Chest X-ray is the 
first diagnostic evaluation imaging being used, but small-sized pneumothoraces 
or loculated pneumothoraces can be missed on chest X-ray. If a pneumothorax is 
suspected and is unrevealed on chest X-ray, a more specific diagnostic imaging like 
chest computed tomography (CT) is necessary [34].
4.2 Ultrasonography
Ultrasound is a sensitive technique in the evaluation of respiratory diseases and 
was first used to diagnose pneumothorax in humans in 1987. Ultrasound is com-
monly used in emergency department with trauma patients and show significantly 
higher and quicker diagnostic accuracy than chest radiographs in these patients 
[35]. The routine use of ultrasound in PSP is not established.
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2. Communication between the atmosphere (direct or indirect) and the pleural 
space
3. Presence of gas-producing organisms in the pleural space
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4.3 CT and its indications
CT scanning is recommended for uncertain or complex cases and is useful in 
the detection of small pneumothoraces and size estimation. Emphysema, bullous 
lung, and another lung pathology are identified [29]. Chest CT is helpful in under-
standing the extent of the underlying lung parenchyma distraction. Some patients 
presented a loculated pneumothorax or pulmonary air cysts [34].
4.4 Size of pneumothorax
The clinical manifestations and evaluation are more important than the size of 
pneumothorax and do not correlate with the proportion of the pneumothorax [29]. 
The size of a pneumothorax is classified into three groups:
• Small is defined as small rim of air around the lung.
• Moderate is defined as collapsed halfway toward the heart border.
• Complete is defined as airless lung, separate from the diaphragm [2].
The difference of a small or large pneumothorax depends on the presence 
of visible rim <2 cm between the lung margin and the chest wall [29]. PA chest 
X-ray has been used to quantify the size of the pneumothorax. A commonly used 
method for estimating pneumothorax size is the light index. This method assumes 
that the volume of a pneumothorax approximates to the ratio of the cube of the 
lung diameter to the hemithorax diameter. This volume of pneumothorax can be 
calculated in percentage [36]. Some guidelines from the USA estimated the volume 
of a pneumothorax by measuring the distance from the lung apex to the cupola, 
and some British guidelines estimated the volume by measuring the interpleural 
distance at level of the hilum [29]. Pneumothorax size calculations are best achieved 
by CT scanning but are only recommended for difficult cases [36].
5. Treatment
Primary spontaneous pneumothorax can be treated conservatively or by inter-
vention that include simple aspiration, chest tube drainage, thoracoscopy, and 
thoracotomy [37]. A lot of issues must be taken into consideration in the manage-
ment of spontaneous pneumothorax. Studies have shown numerous approaches 
offered by different guidelines and associations. According to the American College 
of Chest Physicians (ACCP), the British Thoracic Society (BTS), and the Spanish 
Society of Pulmonology and Thoracic Surgery, the initial management of the 
primary spontaneous pneumothorax is directed to remove air from the pleural 
space and prevent recurrences [1, 38]. Treatment options for primary spontaneous 
pneumothorax go from simple observation, aspiration with a catheter, insertion 
of a chest tube, pleurodesis, thoracoscopy, video-assisted thoracoscopic surgery 
(which is one of the most studied approaches) to thoracotomy. Selection of the 
appropriate approach depends on the size of the pneumothorax, the severity of the 
symptoms, and the presence or absence or persistent air leak (Figure 2). An initial 
step in the management of primary spontaneous pneumothorax is to evaluate the 
patient hemodynamic stability and risk. When the patient is hemodynamically 
unstable and/or the pneumothorax is bilateral, chest drain should be performed. If 
the patient is hemodynamically stable, different approaches can be chosen [38].
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5.1 Conservative management
Clinically stable patients with small pneumothoraces can be treated with con-
servative management, and they should stay in the emergency room with a control 
chest radiograph to perceive the resolution of pneumothorax. Conservative man-
agement consists of observing the patient, oxygen therapy, and analgesia [39]. In 
the case of symptomatic and/or large pneumothoraces, it is indicated to remove the 
air from the pleural space by simple aspiration or chest tube drainage [40]. Patients 
with a first episode of primary spontaneous pneumothorax that are hemodynami-
cally stable, with few or no symptoms, and have a small pneumothorax (<2–3 
centimeters between the lung and the chest wall or <15% of hemithorax) can be 
Figure 2. 
Management of primary spontaneous pneumothorax [29].
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treated by supplemental oxygen, which accelerates the process of reabsorption of 
air by the pleura. The observation period should be at least 6 hours; after this time, 
the patient can be discharged if three conditions are met: absence of progression 
of the pneumothorax confirmed by a control chest radiograph, compliance of the 
outpatient treatment plans, and ease of access to emergency medical services. In 
these cases, the follow-up after discharge should be from 2 to 4 weeks [41].
5.2 Aspiration
Patients with a first episode of primary spontaneous pneumothorax episode, 
which are hemodynamically stable and have a large pneumothorax (more than 2–3 
centimeters of air in chest X-ray or more than 15% of the hemithorax) or those who 
have a progressive pneumothorax, or symptomatic with chest pain, or dyspnea 
should undergo needle aspiration [29, 42]. Several methods are used to perform 
simple aspiration, ranging from intravenous catheters in the second intercostal 
space in the midclavicular line with 16–18G cannula to chest tubes that can be 
removed once re-expansion of the lung is confirmed [43]. When the procedure is 
successful (less than 2 centimeters of air in the chest X-ray and improving in the 
breathing pattern), the patient can be discharged, with follow-up from 2 to 4 weeks. 
Simple aspiration is successful in 70% of the patients with moderate-sized primary 
pneumothorax; in patients older than 50 years or aspirations bigger than 2.5 liters, 
this method is likely to fail [38].
5.3 Thoracostomy only
Primary spontaneous pneumothorax may also be managed with a chest tube that is 
left in place for 1 or more days or by attaching the catheter to a one-way Heimlich valve 
or water-seal device and using it as a chest tube. The last method is reserved for patients 
in whom Heimlich valves fail or those who have coexisting respiratory conditions that 
reduce the ability to tolerate a recurrent pneumothorax [38]. After treatment, persistent 
air leaks are not common in primary spontaneous pneumothorax. Seventy five percent 
of air leaks resolve after 7 days, and 100% resolve after 15 days [38]. When the air leak 
persists for 4 to 7 days, surgery comes to consideration. In a study from Kim, selection 
of patients with primary spontaneous pneumothorax and persistent air leaks for imme-
diate surgery must be done according to the presence or absence of bullae, detected by 
high-resolution chest computed tomographic (HRCT) scanning [44].
5.4 Pleurodesis
The American College of Chest Physicians, British Thoracic Society, and the 
Belgian Society of Pulmonology recommended surgical pleurodesis via thoracoscopy 
for air leak that persists more than 4 days or recurrence prevention at second occur-
rence [45]. Methods of pleurodesis have included mechanical abrasion with gauze or 
Marlex, instillation of tetracycline, pleural irritation with laser or cautery, and instil-
lation of talc [46]. The addition of pleurodesis agents reduces the rate of recurrence in 
PSP. Alayouty et al. in a randomized controlled trial studied the efficacy of different 
pleurodesis agents. They reported that chemical pleurodesis is associated with less 
recurrence rate than mechanical abrasion (P < 0.001, evidence level 1b) [47, 48].
5.5 Video-assisted thoracoscopic surgery (VATS)
The thoracoscopic surgery for primary spontaneous pneumothorax has been 
proposed and studied by a lot of clinicians as the main treatment for recurrent or 
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persistent spontaneous pneumothorax. Surgical treatment is more invasive and 
has a lower recurrence rate than the conservative treatment [49–51] but increases 
patient discomfort, which has restricted the application of open thoracotomy. 
Video-assisted thoracoscopic surgery (VATS) for primary spontaneous pneumo-
thorax has been proposed as a new surgical technique and has taken over the role 
of open thoracotomy, due to its minimal invasiveness and low morbidity [52]. This 
technique has been used not only for prolonged air leak or recurrence but also in 
patients at the first episode of pneumothorax, when blebs or bullae are identi-
fied with CT scan. A study conducted at the Chest Diseases Hospital in Kuwait 
treated spontaneous pneumothorax in 72 patients using VATS technique. The study 
included 67 male and 5 female patients from 15 to 40 years with a recurrent episode 
of pneumothorax. Surgeons performed VATS unilateral technique in all cases, with 
gauze abrasion and apical pleurectomy to remove subpleural blebs or bullae and 
excision of the apex of the upper lobe in the absence of any identifiable lesion. They 
concluded that thoracoscopic surgery could be carried out safely and effectively 
in the treatment of recurrent or persistent spontaneous pneumothorax, allowing 
inspection of the entire lung, identification of bullae, and resection of the bullous 
disease [29]. Another study compared the results of conservative treatment, open 
thoracotomy, and VATS. The authors studied 281 patients who had primary sponta-
neous pneumothorax, finding recurrences in 56.4% of the patients with the conser-
vative treatment, 3% for open thoracotomy and 11.7% for VATS with a hospital stay 
length of 14.5, 22.2, and 8.3 days, respectively. At the end, they concluded VATS was 
significantly superior to open thoracotomy measuring length of operation, bleed-
ing volume, and length of hospital stay. In terms of morbidity, low invasive and 
cosmetic issue VATS is superior to open thoracotomy [52]. Conventional three-port 
VATS has advantage in hospital stay, postoperative pain, and chest drainage time. In 
2005, Dr. Gaetano Rocco used simple-port VATS for the first time, a technique that 
requires a minimum incision of approximately 3 cm and facilitates the postopera-
tive recovery of the patient, compared with three-port VATS [53].
5.6 Open thoracotomy
Thoracotomy is an incision into the pleural space of the chest, and it has been 
the classic surgical treatment of PSP. Surgery is indicated when there is a recurrence 
of an initial episode of PSP, which produces persistent air leaks, or collapsed lung 
after placement of pleural drainage [54]. The advantages of this procedure over 
thoracoscopic techniques are the ability to perform extensive mechanical pleurode-
sis and the resection of blebs [55]. In order to prevent recurrence of pneumothorax, 
segments of the lung with bullae or blebs need to be resected. In 1941, Tyson and 
Grandall described open thoracotomy with pleural abrasion for the treatment 
of pneumothorax, and then Gaensler introduced parietal pleurectomy and less 
invasive procedures (like axillary thoracotomy); this became more common during 
the last years [56].
After the surgical treatment, the next step is to prevent the recurrence of sponta-
neous pneumothorax, which is estimated from 23 to 50% of all the patients. The 
highest risk occurs in the first 30 days, and, during this time, patients must avoid 
activities which involve acute variation of the pressure in the lungs, like flying or 
diving; these activities increase the risk of recurrent spontaneous pneumothorax. 
The recommendation for patients with the first episode of spontaneous pneumo-
thorax is to avoid flying or diving. Patients may be able to fly 6 weeks after a defini-
tive surgical intervention and resolution of the pneumothorax and after treatment; 
patients must perform a control X-ray to confirm the resolution and wait at least 
6 weeks before flying. Recurrence of spontaneous pneumothorax is not common 
Pneumothorax
20
treated by supplemental oxygen, which accelerates the process of reabsorption of 
air by the pleura. The observation period should be at least 6 hours; after this time, 
the patient can be discharged if three conditions are met: absence of progression 
of the pneumothorax confirmed by a control chest radiograph, compliance of the 
outpatient treatment plans, and ease of access to emergency medical services. In 
these cases, the follow-up after discharge should be from 2 to 4 weeks [41].
5.2 Aspiration
Patients with a first episode of primary spontaneous pneumothorax episode, 
which are hemodynamically stable and have a large pneumothorax (more than 2–3 
centimeters of air in chest X-ray or more than 15% of the hemithorax) or those who 
have a progressive pneumothorax, or symptomatic with chest pain, or dyspnea 
should undergo needle aspiration [29, 42]. Several methods are used to perform 
simple aspiration, ranging from intravenous catheters in the second intercostal 
space in the midclavicular line with 16–18G cannula to chest tubes that can be 
removed once re-expansion of the lung is confirmed [43]. When the procedure is 
successful (less than 2 centimeters of air in the chest X-ray and improving in the 
breathing pattern), the patient can be discharged, with follow-up from 2 to 4 weeks. 
Simple aspiration is successful in 70% of the patients with moderate-sized primary 
pneumothorax; in patients older than 50 years or aspirations bigger than 2.5 liters, 
this method is likely to fail [38].
5.3 Thoracostomy only
Primary spontaneous pneumothorax may also be managed with a chest tube that is 
left in place for 1 or more days or by attaching the catheter to a one-way Heimlich valve 
or water-seal device and using it as a chest tube. The last method is reserved for patients 
in whom Heimlich valves fail or those who have coexisting respiratory conditions that 
reduce the ability to tolerate a recurrent pneumothorax [38]. After treatment, persistent 
air leaks are not common in primary spontaneous pneumothorax. Seventy five percent 
of air leaks resolve after 7 days, and 100% resolve after 15 days [38]. When the air leak 
persists for 4 to 7 days, surgery comes to consideration. In a study from Kim, selection 
of patients with primary spontaneous pneumothorax and persistent air leaks for imme-
diate surgery must be done according to the presence or absence of bullae, detected by 
high-resolution chest computed tomographic (HRCT) scanning [44].
5.4 Pleurodesis
The American College of Chest Physicians, British Thoracic Society, and the 
Belgian Society of Pulmonology recommended surgical pleurodesis via thoracoscopy 
for air leak that persists more than 4 days or recurrence prevention at second occur-
rence [45]. Methods of pleurodesis have included mechanical abrasion with gauze or 
Marlex, instillation of tetracycline, pleural irritation with laser or cautery, and instil-
lation of talc [46]. The addition of pleurodesis agents reduces the rate of recurrence in 
PSP. Alayouty et al. in a randomized controlled trial studied the efficacy of different 
pleurodesis agents. They reported that chemical pleurodesis is associated with less 
recurrence rate than mechanical abrasion (P < 0.001, evidence level 1b) [47, 48].
5.5 Video-assisted thoracoscopic surgery (VATS)
The thoracoscopic surgery for primary spontaneous pneumothorax has been 
proposed and studied by a lot of clinicians as the main treatment for recurrent or 
21
Primary Spontaneous Pneumothorax, a Clinical Challenge
DOI: http://dx.doi.org/10.5772/intechopen.83458
persistent spontaneous pneumothorax. Surgical treatment is more invasive and 
has a lower recurrence rate than the conservative treatment [49–51] but increases 
patient discomfort, which has restricted the application of open thoracotomy. 
Video-assisted thoracoscopic surgery (VATS) for primary spontaneous pneumo-
thorax has been proposed as a new surgical technique and has taken over the role 
of open thoracotomy, due to its minimal invasiveness and low morbidity [52]. This 
technique has been used not only for prolonged air leak or recurrence but also in 
patients at the first episode of pneumothorax, when blebs or bullae are identi-
fied with CT scan. A study conducted at the Chest Diseases Hospital in Kuwait 
treated spontaneous pneumothorax in 72 patients using VATS technique. The study 
included 67 male and 5 female patients from 15 to 40 years with a recurrent episode 
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excision of the apex of the upper lobe in the absence of any identifiable lesion. They 
concluded that thoracoscopic surgery could be carried out safely and effectively 
in the treatment of recurrent or persistent spontaneous pneumothorax, allowing 
inspection of the entire lung, identification of bullae, and resection of the bullous 
disease [29]. Another study compared the results of conservative treatment, open 
thoracotomy, and VATS. The authors studied 281 patients who had primary sponta-
neous pneumothorax, finding recurrences in 56.4% of the patients with the conser-
vative treatment, 3% for open thoracotomy and 11.7% for VATS with a hospital stay 
length of 14.5, 22.2, and 8.3 days, respectively. At the end, they concluded VATS was 
significantly superior to open thoracotomy measuring length of operation, bleed-
ing volume, and length of hospital stay. In terms of morbidity, low invasive and 
cosmetic issue VATS is superior to open thoracotomy [52]. Conventional three-port 
VATS has advantage in hospital stay, postoperative pain, and chest drainage time. In 
2005, Dr. Gaetano Rocco used simple-port VATS for the first time, a technique that 
requires a minimum incision of approximately 3 cm and facilitates the postopera-
tive recovery of the patient, compared with three-port VATS [53].
5.6 Open thoracotomy
Thoracotomy is an incision into the pleural space of the chest, and it has been 
the classic surgical treatment of PSP. Surgery is indicated when there is a recurrence 
of an initial episode of PSP, which produces persistent air leaks, or collapsed lung 
after placement of pleural drainage [54]. The advantages of this procedure over 
thoracoscopic techniques are the ability to perform extensive mechanical pleurode-
sis and the resection of blebs [55]. In order to prevent recurrence of pneumothorax, 
segments of the lung with bullae or blebs need to be resected. In 1941, Tyson and 
Grandall described open thoracotomy with pleural abrasion for the treatment 
of pneumothorax, and then Gaensler introduced parietal pleurectomy and less 
invasive procedures (like axillary thoracotomy); this became more common during 
the last years [56].
After the surgical treatment, the next step is to prevent the recurrence of sponta-
neous pneumothorax, which is estimated from 23 to 50% of all the patients. The 
highest risk occurs in the first 30 days, and, during this time, patients must avoid 
activities which involve acute variation of the pressure in the lungs, like flying or 
diving; these activities increase the risk of recurrent spontaneous pneumothorax. 
The recommendation for patients with the first episode of spontaneous pneumo-
thorax is to avoid flying or diving. Patients may be able to fly 6 weeks after a defini-
tive surgical intervention and resolution of the pneumothorax and after treatment; 
patients must perform a control X-ray to confirm the resolution and wait at least 
6 weeks before flying. Recurrence of spontaneous pneumothorax is not common 
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during a flight, but the consequences could be dangerous because there is not medi-
cal attention. Passengers may wish to consider alternative forms of transport within 
1 year of the initial event [57]. The management of pneumothorax during a flight 
depends on the patient’s clinical condition and the medical supplies on the plane. 
Supplemental oxygen should be provided, and the descent to the nearest airport 
considered [58].
6. Conclusion
PSP is a common problem encountered by doctors in medical practice. It is a 
significant global health problem affecting adolescent and young adults mainly. 
Current guidelines recommend treatment based on the severity of symptoms and 
the degree of lung collapse according to chest X-ray findings. There is an update 
needed in the current international guidelines including randomized controlled 
evidence. The first step in the management is to remove air from pleural space, 
with subsequent management aimed to prevent recurrence. Observation with 
supplemental oxygen, aspiration of intrapleural air, tube thoracostomy, and 
VATS pleurodesis with talc to prevent recurrence are the pillars of treatment. 
Thoracotomy should be reserved for special cases in which the patient is unable 
or unwilling to undergo VATS, in situations where VATS has failed or in high-risk 
cases.
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Abstract
The management of primary and secondary spontaneous pneumothorax can 
have many variations depending on the surgeons and their expertise of practice. The 
end goal is to stop the recurrence. The history of treatment, clinical indications for 
surgery, and preoperative and postoperative decision-making for intervention are 
summarized. Surgical intervention plays an important role in the management of 
recurrent pneumothorax and complex initial pneumothorax. Over the years the sur-
gical techniques have evolved, and currently, video-assisted thoracoscopic techniques 
are frequently used in the management. In this concise report, we attempt to analyze 
the surgical techniques currently in use and their outcomes. Furthermore, we attempt 
to integrate future innovations in the management of this common disorder.
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1. Background
Pneumothorax is a diverse entity with a wide array of clinical etiologies. It is 
more common in men than women [1–4]. Although pneumothorax can be defined 
simply as an abnormal collection of air in the pleural space, in order to accurately 
classify pneumothorax, it is helpful to group it broadly as either spontaneous or 
traumatic in nature [1, 2]. Overall, traumatic causes of pneumothorax account for 
greater than 50% of pneumothoraces on an annual basis [3]. These include injuries 
due to either true penetration or blunt traumatic events, including gunshot wounds, 
stabbings, blunt force trauma to the chest, or iatrogenic traumas sustained as part of 
medical procedures, such as central venous catheter placement, needle biopsies, and 
thoracentesis. Outside of trauma, the remainders of pneumothoraces are classified 
as spontaneous in nature. Although spontaneous pneumothorax accounts for less 
than half of all pneumothoraces, this type of pneumothorax is often the one that 
most demands the ongoing attention of the thoracic surgeon in the acute setting.
Spontaneous pneumothorax is itself classified into primary and secondary 
etiologies. Primary spontaneous pneumothorax is any pneumothorax that occurs 
without any identifiable inciting event in a patient without any known lung disease. 
Secondary spontaneous pneumothorax, on the other hand, defines any pneumo-
thorax that develops in a patient as a complication of known underlying lung dis-
ease. Many diseases of the lung parenchyma can cause clinical pneumothorax; those 
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1. Background
Pneumothorax is a diverse entity with a wide array of clinical etiologies. It is 
more common in men than women [1–4]. Although pneumothorax can be defined 
simply as an abnormal collection of air in the pleural space, in order to accurately 
classify pneumothorax, it is helpful to group it broadly as either spontaneous or 
traumatic in nature [1, 2]. Overall, traumatic causes of pneumothorax account for 
greater than 50% of pneumothoraces on an annual basis [3]. These include injuries 
due to either true penetration or blunt traumatic events, including gunshot wounds, 
stabbings, blunt force trauma to the chest, or iatrogenic traumas sustained as part of 
medical procedures, such as central venous catheter placement, needle biopsies, and 
thoracentesis. Outside of trauma, the remainders of pneumothoraces are classified 
as spontaneous in nature. Although spontaneous pneumothorax accounts for less 
than half of all pneumothoraces, this type of pneumothorax is often the one that 
most demands the ongoing attention of the thoracic surgeon in the acute setting.
Spontaneous pneumothorax is itself classified into primary and secondary 
etiologies. Primary spontaneous pneumothorax is any pneumothorax that occurs 
without any identifiable inciting event in a patient without any known lung disease. 
Secondary spontaneous pneumothorax, on the other hand, defines any pneumo-
thorax that develops in a patient as a complication of known underlying lung dis-
ease. Many diseases of the lung parenchyma can cause clinical pneumothorax; those 
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most commonly associated with its development include necrotizing pneumonias, 
cystic fibrosis, chronic obstructive pulmonary disease, and malignancy. Chronic 
obstructive pulmonary disease is the cause of 50–70% of all secondary spontaneous 
pneumothoraces. Catamenial pneumothorax is a very interesting clinical entity that 
is another, although rare, type of secondary spontaneous pneumothorax.
It is important to note that despite the definition of primary spontaneous pneu-
mothorax indicating that it occurs in the setting of patients with no known lung 
disease, this is not completely clinically accurate. The majority of these patients do 
in fact have underlying lung disease with subpleural blebs (Figure 1), and it is the 
spontaneous rupture of these blebs that leads to the development of their pneumo-
thoraces [3]. Despite a wide array of potential clinical etiologies, the overall inci-
dence of spontaneous pneumothorax has been estimated at 17–24/100,000 in males 
and 1–6/100,000 in the female population [1–3]. Smoking increases the risk of 
contracting a first pneumothorax approximately 9-fold among women and 22-fold 
among men [5]. Spontaneous pneumothorax recurrence rates were similar for both 
men and women, with approximately 26% of patients experiencing a recurrence 
within 5 years of initial pneumothorax diagnosis [6].
2. History
The management of pneumothorax has seen large advancements over the past few 
decades. Surgical management of the disease did not begin until the 1940s when it was 
first documented by Tyson and Crandall in 1941 [7]. Treatment at that time involved 
a traditional transaxillary thoracotomy with resection of blebs. Later addition of 
pleurectomy or pleurodesis became routine in these patients. In the early 1990s, with 
the introduction of video-assisted thoracoscopy and mechanical stapling, minimally 
invasive chest surgery began to become popular for a variety of indications [8]. As a 
matter of fact, video-assisted thoracoscopic surgery (VATS) was first documented for 
pneumothorax [9]. Subsequently, VATS blebectomy, with the addition of pleurodesis 
or pleurectomy, began to take on popularity and remains often the choice of many. It 
was also demonstrated that VATS is superior to conservative treatment soon after [10].
3. Indications
Failure of conservative management and recurrence of pneumothorax are the 
most frequent indications for surgical intervention. In spontaneous pneumothorax, 
Figure 1. 
Subpleural blebs of the apical lung with adhesion to the chest wall.
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a large number of first episodes will be treated conservatively with non-operative 
intervention. Asymptomatic, small pneumothorax (less than 2 cm) can typically 
be observed with serial imaging. Larger symptomatic episodes need to be treated 
by drainage with needle decompression or with a chest tube. However, when the 
first episode is complicated and the pneumothoraces are unlikely to resolve using 
conservative management, surgical intervention may be necessary. These pneumo-
thoraces include those complicated by hemothorax, bilaterality, persistent air leaks, 
or the inability of the lung to re-expand with conservative treatment [11–13].
4. Management
Recurrence rates for primary and secondary pneumothorax, when the initial 
episode was treated with chest tube drainage, have been reported as high as 18% in 
primary and 40% in secondary pneumothoraces [13]. Review of inpatient-treated 
pneumothorax demonstrated approximately 75% of recurrent pneumothoraces, 
which occurred in the first year following the initial pneumothorax. The probability 
of recurrence varied, depending on age group and the presence of underlying lung 
disease. For example, male patients aged 15–34 years, with underlying chronic lung 
disorders, had the highest probability of recurrent pneumothorax within 5 years 
of initial pneumothorax (39.2% recurrence rate) [6]. Some centers have reported 
being aggressive with first episode pneumothorax by treating these first episodes 
with VATS, significantly decreasing the recurrence rate in these patients [13]. In the 
past, open thoracotomy was the mainstay of surgical treatment for spontaneous 
pneumothorax, but with the institution of video-assisted thoracoscopic treat-
ments, the number of surgeons performing open cases has decreased significantly. 
The objective of each operation is to prevent recurrence by resecting apical bullae 
or other causative blebs and perform a pleurodesis so future pneumothoraxes are 
unlikely [14]. With the heavy adoption of VATS, studies have attempted to identify 
differences in results and morbidity between the VATS and open thoracotomy tech-
niques. VATS intervention was found to have recurrences in 3.8% compared to 1.8% 
in thoracotomy patients [15]. One meta-analysis, analyzing 4 randomized and 25 
nonrandomized trials, assessed the recurrence rates of minimally invasive approach 
versus open [16]. It was stated that despite a fourfold increase recurrence rate for 
minimally invasive approach, this method was used three times more commonly 
than open in the United Kingdom [16]. Importantly however, the complication rates 
and pain can be significantly higher with thoracotomy than VATS, advocating a 
minimally invasive approach [15–17]. Some attribute the increased recurrence rate 
associated with VATS to the decreased amount of adhesions created with the smaller 
incisions than thoracotomy [17]. The decision as to the appropriate approach for 
these operations should involve a discussion with the patient for an informed deci-
sion, taking into consideration the balance between recurrence against decreased 
pain and recovery time.
The technical approach to VATS treatment of spontaneous pneumothorax 
involves patients undergoing general anesthesia with one-lung ventilation. The 
first incision is typically placed in the fifth or sixth interspace in the midaxillary 
line. Two additional incisions can typically be made in the fourth interspace in 
the anterior axillary line, as well as the fifth interspace in the auscultatory triangle 
[18]. There have been modifications to this strategy over the years, with variations 
in the number of incisions ranging to as low as one incision(Figure 2). Novel new 
methods are also being discussed such as a subxiphoid uniport incision [19]. This 
type of incision is currently being studied to assess for a decrease in the amount of 
intercostal nerve injury that is typically observed with intercostal incisions.
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cystic fibrosis, chronic obstructive pulmonary disease, and malignancy. Chronic 
obstructive pulmonary disease is the cause of 50–70% of all secondary spontaneous 
pneumothoraces. Catamenial pneumothorax is a very interesting clinical entity that 
is another, although rare, type of secondary spontaneous pneumothorax.
It is important to note that despite the definition of primary spontaneous pneu-
mothorax indicating that it occurs in the setting of patients with no known lung 
disease, this is not completely clinically accurate. The majority of these patients do 
in fact have underlying lung disease with subpleural blebs (Figure 1), and it is the 
spontaneous rupture of these blebs that leads to the development of their pneumo-
thoraces [3]. Despite a wide array of potential clinical etiologies, the overall inci-
dence of spontaneous pneumothorax has been estimated at 17–24/100,000 in males 
and 1–6/100,000 in the female population [1–3]. Smoking increases the risk of 
contracting a first pneumothorax approximately 9-fold among women and 22-fold 
among men [5]. Spontaneous pneumothorax recurrence rates were similar for both 
men and women, with approximately 26% of patients experiencing a recurrence 
within 5 years of initial pneumothorax diagnosis [6].
2. History
The management of pneumothorax has seen large advancements over the past few 
decades. Surgical management of the disease did not begin until the 1940s when it was 
first documented by Tyson and Crandall in 1941 [7]. Treatment at that time involved 
a traditional transaxillary thoracotomy with resection of blebs. Later addition of 
pleurectomy or pleurodesis became routine in these patients. In the early 1990s, with 
the introduction of video-assisted thoracoscopy and mechanical stapling, minimally 
invasive chest surgery began to become popular for a variety of indications [8]. As a 
matter of fact, video-assisted thoracoscopic surgery (VATS) was first documented for 
pneumothorax [9]. Subsequently, VATS blebectomy, with the addition of pleurodesis 
or pleurectomy, began to take on popularity and remains often the choice of many. It 
was also demonstrated that VATS is superior to conservative treatment soon after [10].
3. Indications
Failure of conservative management and recurrence of pneumothorax are the 
most frequent indications for surgical intervention. In spontaneous pneumothorax, 
Figure 1. 
Subpleural blebs of the apical lung with adhesion to the chest wall.
29
Video-Assisted Thoracoscopy in the Management of Primary and Secondary Pneumothorax
DOI: http://dx.doi.org/10.5772/intechopen.83669
a large number of first episodes will be treated conservatively with non-operative 
intervention. Asymptomatic, small pneumothorax (less than 2 cm) can typically 
be observed with serial imaging. Larger symptomatic episodes need to be treated 
by drainage with needle decompression or with a chest tube. However, when the 
first episode is complicated and the pneumothoraces are unlikely to resolve using 
conservative management, surgical intervention may be necessary. These pneumo-
thoraces include those complicated by hemothorax, bilaterality, persistent air leaks, 
or the inability of the lung to re-expand with conservative treatment [11–13].
4. Management
Recurrence rates for primary and secondary pneumothorax, when the initial 
episode was treated with chest tube drainage, have been reported as high as 18% in 
primary and 40% in secondary pneumothoraces [13]. Review of inpatient-treated 
pneumothorax demonstrated approximately 75% of recurrent pneumothoraces, 
which occurred in the first year following the initial pneumothorax. The probability 
of recurrence varied, depending on age group and the presence of underlying lung 
disease. For example, male patients aged 15–34 years, with underlying chronic lung 
disorders, had the highest probability of recurrent pneumothorax within 5 years 
of initial pneumothorax (39.2% recurrence rate) [6]. Some centers have reported 
being aggressive with first episode pneumothorax by treating these first episodes 
with VATS, significantly decreasing the recurrence rate in these patients [13]. In the 
past, open thoracotomy was the mainstay of surgical treatment for spontaneous 
pneumothorax, but with the institution of video-assisted thoracoscopic treat-
ments, the number of surgeons performing open cases has decreased significantly. 
The objective of each operation is to prevent recurrence by resecting apical bullae 
or other causative blebs and perform a pleurodesis so future pneumothoraxes are 
unlikely [14]. With the heavy adoption of VATS, studies have attempted to identify 
differences in results and morbidity between the VATS and open thoracotomy tech-
niques. VATS intervention was found to have recurrences in 3.8% compared to 1.8% 
in thoracotomy patients [15]. One meta-analysis, analyzing 4 randomized and 25 
nonrandomized trials, assessed the recurrence rates of minimally invasive approach 
versus open [16]. It was stated that despite a fourfold increase recurrence rate for 
minimally invasive approach, this method was used three times more commonly 
than open in the United Kingdom [16]. Importantly however, the complication rates 
and pain can be significantly higher with thoracotomy than VATS, advocating a 
minimally invasive approach [15–17]. Some attribute the increased recurrence rate 
associated with VATS to the decreased amount of adhesions created with the smaller 
incisions than thoracotomy [17]. The decision as to the appropriate approach for 
these operations should involve a discussion with the patient for an informed deci-
sion, taking into consideration the balance between recurrence against decreased 
pain and recovery time.
The technical approach to VATS treatment of spontaneous pneumothorax 
involves patients undergoing general anesthesia with one-lung ventilation. The 
first incision is typically placed in the fifth or sixth interspace in the midaxillary 
line. Two additional incisions can typically be made in the fourth interspace in 
the anterior axillary line, as well as the fifth interspace in the auscultatory triangle 
[18]. There have been modifications to this strategy over the years, with variations 
in the number of incisions ranging to as low as one incision(Figure 2). Novel new 
methods are also being discussed such as a subxiphoid uniport incision [19]. This 
type of incision is currently being studied to assess for a decrease in the amount of 
intercostal nerve injury that is typically observed with intercostal incisions.
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Once safely in the chest, the lungs are carefully inspected to identify any bullous 
changes and to detect the source of the air leak. Blebs will be air-filled areas of the 
lung less than 1 cm in size compared to bullae which are greater than 1 cm in size. 
Adhesions should be identified and lysed to allow for complete evaluation of the 
lung. Care should be taken to obtain hemostasis if any bleeding from the adhesions 
is encountered. Bullae that are identified can be stapled using an endo-stapler with-
out crossing over any portion of the bullae in the staple line, as this may increase 
risk of recurrence. There should be good margin with the stapler traversing only 
“healthy” lung tissue in patients with spontaneous primary pneumothorax.
Mechanical pleurodesis involves creating abrasions to the pleural surface, or perform-
ing a limited pleurectomy, to initiate an inflammatory response which results in the 
formation of adhesions and prevents the lung from collapsing in situations of recurrence. 
The pleural abrasion is typically performed using an electrocautery scratch pad or gauze 
(Figure 3). Care should be taken when working at the apex, as a Horner’s syndrome can 
occur if there is any injury to the stellate ganglion of the sympathetic chain. Additional 
operative complications include bleeding, particularly from intercostal or mammary 
vessels, and pain. One randomized prospective study comparing wedge resection to 
wedge resection, and adjunct mechanical pleurodesis, resulted in no difference in 
recurrence rates but did show an increase in complications for the pleurodesis group 
[20]. A meta-analysis comparing the different combinations of intraoperative treat-
ment for primary spontaneous pneumothorax found that wedge resection combined 
with chemical pleurodesis, as well as wedge resection, combined with both mechanical 
pleural abrasion and chemical pleurodesis, had the lowest recurrence rates. Although 
Figure 3. 
Pleural abrasion using electrocautery scratch pad (a) before and (b) after.
Figure 2. 
Port placements for the classical three-port video-assisted thoracoscopic surgery. Different configurations, 
change according to the visual and staple requirements (a) camera through central port (b) Camera through 
posterior port.
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the complications of these procedures were not taken into account favoring chemical 
or mechanical pleurodesis, in addition to wedge resection to remove the source of the 
air leak [21, 22]. Mechanical pleurodesis should be considered on a case-by-case basis 
with good clinical judgment. This should be avoided in patient who may have a bleed-
ing tendency either due to medications or underlying disease. A chemical pleurodesis 
would be appropriate using an agent that cause aseptic inflammation in the pleura and 
facilitate pleural adhesion. Debate continues over the most effective chemical pleurodesis 
agent to use which has led to the widest variation in overall technique among all of these 
strategies. Graduated talcum of particle size <10 mic m is the most popular currently and 
has a long-standing history as an effective and trusted agent for pleurodesis. In the past, 
tetracycline and doxycycline have been used; however, the success rate is lower than the 
graduated talcum powder [23–25]. Marcheix et al. published a large study of 603 consec-
utive patients who underwent VATS pleurodesis using silver nitrate for primary spon-
taneous pneumothorax. While only 39.6% of these cases involved wedge resection and 
pleurodesis, the recurrence rate at 1 month was 0.5% in this group. The last 250 patients 
were included in a longer-term follow-up (2.9 ± 2.3 years) in which the recurrence rate 
was approximately 1.1%; however, only 73% of patients were actually contacted and this 
represents 31% of the total study population [26]. While it is difficult to draw concrete 
conclusions from this study, it is clear that silver nitrate can be an effective pleurodesis 
agent. Similar studies exist showing minocycline to be an effective agent as well [27].
When comparing VATS to other treatment modalities, such as aspiration, chest 
tube drainage, and pleurodesis, a recent meta-analysis of all available random-
ized control trials showed that VATS had the most favorable results with regard to 
recurrence and hospitalization days [21, 22]. The addition of pleurodesis to VATS 
bullectomy compared to VATS bullectomy alone further decreases recurrence rates, 
although this strategy comes with associated complications that include pain [21, 22]. 
Given the increased complications that arise from pleurodesis, some novel attempts at 
replacing the procedure, and at the same time achieving the same goal of promoting 
adhesions, have been developed. The use of an absorbable cellulose mesh and fibrin 
glue that are placed over blebectomy staple lines has been studied as an alternative to 
pleurodesis, with promising results [28]. This technique has been found to be non-
inferior in terms of recurrence rates when compared to pleurodesis and is without 
the complications of bleeding, pain, and Horner’s syndrome that are associated with 
mechanical pleurodesis. The cost of these biological materials should be taken into 
consideration when the approach is sought. The use of autologous blood as a pleurode-
sis agent needs mention. Although various chemical agents all pose some risks, 
namely, significant pain or rarely development of acute respiratory distress syndrome, 
pleurectomy carries with it significant pain and bleeding. Autologous blood has been 
utilized in some instances with good success [29]. The majority of the literature on 
this topic involves using blood to treat persistent air leaks in the postoperative period. 
While this data cannot be directly utilized to construct guidelines for spontaneous 
pneumothorax, based on the body of evidence that exists, its reported efficacy is so 
compelling that one wonders if it could be similarly effective in this operative setting.
Chang and colleagues compared pleurodesis combined with wedge resection 
utilizing “needlescopic” VATS technique with apical pleurectomy [30]. It is accurate 
to think of this technique as analogous to VATS, one 12 mm port for standard VATS 
instruments and the chest tube to that needlescopic technique which combines three 
3 mm ports for “mini” endograspers and a “needlescope.” In addition to demonstrat-
ing that pleurectomy was technically feasible, utilizing needlescopy with compara-
ble pain indices, duration of chest tube drainage, and hospital stay, it also suggested 
a lower recurrence rate, 0%, when compared to the abrasion group, 8.6%. Studies 
comparing traditional VATS to needlescopic technique are lacking; however, in this 
author’s experience, the former can be completed easily with only two 5 mm and 
Pneumothorax
30
Once safely in the chest, the lungs are carefully inspected to identify any bullous 
changes and to detect the source of the air leak. Blebs will be air-filled areas of the 
lung less than 1 cm in size compared to bullae which are greater than 1 cm in size. 
Adhesions should be identified and lysed to allow for complete evaluation of the 
lung. Care should be taken to obtain hemostasis if any bleeding from the adhesions 
is encountered. Bullae that are identified can be stapled using an endo-stapler with-
out crossing over any portion of the bullae in the staple line, as this may increase 
risk of recurrence. There should be good margin with the stapler traversing only 
“healthy” lung tissue in patients with spontaneous primary pneumothorax.
Mechanical pleurodesis involves creating abrasions to the pleural surface, or perform-
ing a limited pleurectomy, to initiate an inflammatory response which results in the 
formation of adhesions and prevents the lung from collapsing in situations of recurrence. 
The pleural abrasion is typically performed using an electrocautery scratch pad or gauze 
(Figure 3). Care should be taken when working at the apex, as a Horner’s syndrome can 
occur if there is any injury to the stellate ganglion of the sympathetic chain. Additional 
operative complications include bleeding, particularly from intercostal or mammary 
vessels, and pain. One randomized prospective study comparing wedge resection to 
wedge resection, and adjunct mechanical pleurodesis, resulted in no difference in 
recurrence rates but did show an increase in complications for the pleurodesis group 
[20]. A meta-analysis comparing the different combinations of intraoperative treat-
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Figure 3. 
Pleural abrasion using electrocautery scratch pad (a) before and (b) after.
Figure 2. 
Port placements for the classical three-port video-assisted thoracoscopic surgery. Different configurations, 
change according to the visual and staple requirements (a) camera through central port (b) Camera through 
posterior port.
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the complications of these procedures were not taken into account favoring chemical 
or mechanical pleurodesis, in addition to wedge resection to remove the source of the 
air leak [21, 22]. Mechanical pleurodesis should be considered on a case-by-case basis 
with good clinical judgment. This should be avoided in patient who may have a bleed-
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would be appropriate using an agent that cause aseptic inflammation in the pleura and 
facilitate pleural adhesion. Debate continues over the most effective chemical pleurodesis 
agent to use which has led to the widest variation in overall technique among all of these 
strategies. Graduated talcum of particle size <10 mic m is the most popular currently and 
has a long-standing history as an effective and trusted agent for pleurodesis. In the past, 
tetracycline and doxycycline have been used; however, the success rate is lower than the 
graduated talcum powder [23–25]. Marcheix et al. published a large study of 603 consec-
utive patients who underwent VATS pleurodesis using silver nitrate for primary spon-
taneous pneumothorax. While only 39.6% of these cases involved wedge resection and 
pleurodesis, the recurrence rate at 1 month was 0.5% in this group. The last 250 patients 
were included in a longer-term follow-up (2.9 ± 2.3 years) in which the recurrence rate 
was approximately 1.1%; however, only 73% of patients were actually contacted and this 
represents 31% of the total study population [26]. While it is difficult to draw concrete 
conclusions from this study, it is clear that silver nitrate can be an effective pleurodesis 
agent. Similar studies exist showing minocycline to be an effective agent as well [27].
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tube drainage, and pleurodesis, a recent meta-analysis of all available random-
ized control trials showed that VATS had the most favorable results with regard to 
recurrence and hospitalization days [21, 22]. The addition of pleurodesis to VATS 
bullectomy compared to VATS bullectomy alone further decreases recurrence rates, 
although this strategy comes with associated complications that include pain [21, 22]. 
Given the increased complications that arise from pleurodesis, some novel attempts at 
replacing the procedure, and at the same time achieving the same goal of promoting 
adhesions, have been developed. The use of an absorbable cellulose mesh and fibrin 
glue that are placed over blebectomy staple lines has been studied as an alternative to 
pleurodesis, with promising results [28]. This technique has been found to be non-
inferior in terms of recurrence rates when compared to pleurodesis and is without 
the complications of bleeding, pain, and Horner’s syndrome that are associated with 
mechanical pleurodesis. The cost of these biological materials should be taken into 
consideration when the approach is sought. The use of autologous blood as a pleurode-
sis agent needs mention. Although various chemical agents all pose some risks, 
namely, significant pain or rarely development of acute respiratory distress syndrome, 
pleurectomy carries with it significant pain and bleeding. Autologous blood has been 
utilized in some instances with good success [29]. The majority of the literature on 
this topic involves using blood to treat persistent air leaks in the postoperative period. 
While this data cannot be directly utilized to construct guidelines for spontaneous 
pneumothorax, based on the body of evidence that exists, its reported efficacy is so 
compelling that one wonders if it could be similarly effective in this operative setting.
Chang and colleagues compared pleurodesis combined with wedge resection 
utilizing “needlescopic” VATS technique with apical pleurectomy [30]. It is accurate 
to think of this technique as analogous to VATS, one 12 mm port for standard VATS 
instruments and the chest tube to that needlescopic technique which combines three 
3 mm ports for “mini” endograspers and a “needlescope.” In addition to demonstrat-
ing that pleurectomy was technically feasible, utilizing needlescopy with compara-
ble pain indices, duration of chest tube drainage, and hospital stay, it also suggested 
a lower recurrence rate, 0%, when compared to the abrasion group, 8.6%. Studies 
comparing traditional VATS to needlescopic technique are lacking; however, in this 
author’s experience, the former can be completed easily with only two 5 mm and 
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a 10 mm port, a similar total incision length to needlescopy with one less incision 
overall, and can even be accomplished with a single 5 mm and a single 10 mm port. 
This fact calls into question the benefit of this modification to traditional VATS.
Two additional trials demonstrating the superiority of pleurodesis with pleu-
rectomy over abrasion are worth mentioning. Huh and colleagues performed a 
similar study of 207 consecutive patients who underwent VATS wedge and either 
apical pleurectomy or pleural abrasion at a single Korean institution [31]. Although 
the recurrence rate in the pleurectomy group was higher in this study at 9.1% than 
the previous study, it was still lower than that of the abrasion group, 12.8%, which 
reached statistical significance. The second study is from the pediatric literature 
and showed that when combined with apical bleb resection pleurectomy led to a 
significantly lower rate of pneumothorax recurrence when compared to pleural 
abrasion, 8.8 vs. 40%, in the management of spontaneous primary pneumothorax 
in teenage patients ranging from 14 to 17 years old [32]. It should be noted that 
although these were retrospective studies, the follow-up period for the VATS wedge 
with pleurectomy group in the two Asian studies was significantly longer than that 
of the wedge with abrasion group, raising the possibility that the recurrence rate in 
the latter group may be underreported.
Secondary pneumothorax in the majority includes patients with chronic 
obstructive pulmonary disease and emphysema. The underlying may have homog-
enous or heterogeneous emphysema, and identifying the area of air leak can be 
difficult except in patients with large bullous disease. Other surgical strategies 
have been developed for the approach of pneumothorax in this patient popula-
tion. When patients present with extensive emphysema of the underlying lung, 
the strategies of lung volume reduction surgery may be applicable. Lung volume 
reduction surgery (LVRS) is well studied by the National Emphysema Treatment 
Trial (NETT). LVRS in selected patients with emphysema as a treatment modal-
ity improved quality of life and length of survival compared to medical therapy 
alone [33]. A comparison of LVRS to medical therapy identified higher early 
mortality rates in the surgical group than medical treatment alone, 7.9 vs. 1.3%, 
though overall mortality saw no difference. The surgical group was further broken 
down into minimally invasive versus median sternotomy, identifying comparable 
mortality rates between the two arms. When comparing exercise capacity between 
the surgical and medical groups, there was a significant difference 24 months 
after treatment in favor of surgery, improving 15% of patients compared to 3% in 
the medical treatment arm. Application of NETT trial findings is useful and can 
provide clarity when approaching a patient presenting with secondary pneumo-
thorax with severe emphysema. Work-up on these patients often show low FEV1 
values with high residual volumes and lung capacity. In these patients applying the 
principle of lung volume reduction to include the suspected areas, this will help to 
treat the secondary pneumothorax as well as improving overall outcome. However 
this patient population should be approached with care and best treated in centers 
with expertise in LVRS. Often the staple lines will require reinforcement, and 
additional adjunctive procedures may be necessary such as pleural tent to manage 
air leak (Figure 4a) [34].
Patients presenting with secondary pneumothorax with underlying fibrotic 
parenchymal pathology present additional challenges [35]. These lungs have poor 
compliance, and air leak management will require a different approach that may 
need sealants rather than resection and use of pleural tent to manage the air leak 
and the space (Figure 4b). Use of tissue sealants instead of stapling, or in addi-
tion to stapling, may be necessary if the patient is deemed a candidate for surgical 
intervention. If not a surgical candidate, conservative approach with chemical 
pleurodesis would be appropriate.
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The most important consideration among patients with secondary spontaneous 
pneumothorax is that by definition, the patients are sicker than primary spontane-
ous pneumothorax patients because of the underlying lung condition at baseline. 
This lung pathology almost always accompanies in advanced age, with finding 
the mean age of patients presenting with primary spontaneous pneumothorax is 
younger than secondary pneumothorax. It stands to reason that this age brings 
with it more medical comorbidities and, as a result, reduced physiologic reserve, 
therefore necessitating prompt action, even when the size of the pneumothorax is 
relatively small. Furthermore, if one occurrence of pneumothorax in this patient 
population represents a life-threatening condition, then a recurrence could possibly 
be even more life-threatening. Therefore, one could argue that preventing recur-
rence of pneumothorax is more of a matter of life and death in secondary pneumo-
thorax patient compared to primary spontaneous pneumothorax for the reasons 
listed above, as typically they have limited reserve [36, 37].
While agreement is coalescing that among patients treated with surgery for 
spontaneous pneumothorax, VATS should be the primary method of access. The 
diseased lung should be excised, and some form of pleurodesis should be added. 
Several other areas of interest warrant attention as well.
The strategy of postoperative chest tube management following surgical treat-
ment for pneumothorax has not been extensively studied. Some surgeons advocate 
the placing of chest tubes to allow wall suction to increase the lung-chest wall 
apposition after pleurodesis, while others prefer to leave chest tubes on water seal in 
the immediate postoperative period. One study has compared these two strategies 
for chest tube management, demonstrating that placing patients on −20 cm H2O 
suction resulted in increased chest tube duration, hospital stay, and prolonged air 
leak compared to those patients on no suction [38]. As long as pleural apposition is 
noted on chest radiograph postoperatively, the use of suction can be avoided that 
suggest prolonged air leak and subsequent hospital stay.
Some suggest that the cost and length of hospital stay might be reduced by insti-
tuting “clever” drainage strategies. One such approach is the use of digital electronic 
drainage systems to manage chest tubes. Removal of chest drains remains an important 
factor in timing of discharge from the hospital following lung resection. Since data 
was first published on the first digital suction device in 2006, there has been increased 
interest in the idea of utilizing objective data from these devices to dictate timing of 
the removal of chest drains, thereby reducing inter-operator variability and hopefully 
length of stay [39]. A group in Korea expanded on this idea by utilizing Wi-Fi-enabled 
digital suction devices in the postoperative management of chest drainage tubes in 
patients undergoing VATS wedge resection for primary spontaneous pneumothorax 
Figure 4. 
(a) Using reinforcement techniques to reduce air leak at staple line and (b) using pleural tent to manage air 
leak and space in a noncompliant lung.
Pneumothorax
32
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with pleurectomy group in the two Asian studies was significantly longer than that 
of the wedge with abrasion group, raising the possibility that the recurrence rate in 
the latter group may be underreported.
Secondary pneumothorax in the majority includes patients with chronic 
obstructive pulmonary disease and emphysema. The underlying may have homog-
enous or heterogeneous emphysema, and identifying the area of air leak can be 
difficult except in patients with large bullous disease. Other surgical strategies 
have been developed for the approach of pneumothorax in this patient popula-
tion. When patients present with extensive emphysema of the underlying lung, 
the strategies of lung volume reduction surgery may be applicable. Lung volume 
reduction surgery (LVRS) is well studied by the National Emphysema Treatment 
Trial (NETT). LVRS in selected patients with emphysema as a treatment modal-
ity improved quality of life and length of survival compared to medical therapy 
alone [33]. A comparison of LVRS to medical therapy identified higher early 
mortality rates in the surgical group than medical treatment alone, 7.9 vs. 1.3%, 
though overall mortality saw no difference. The surgical group was further broken 
down into minimally invasive versus median sternotomy, identifying comparable 
mortality rates between the two arms. When comparing exercise capacity between 
the surgical and medical groups, there was a significant difference 24 months 
after treatment in favor of surgery, improving 15% of patients compared to 3% in 
the medical treatment arm. Application of NETT trial findings is useful and can 
provide clarity when approaching a patient presenting with secondary pneumo-
thorax with severe emphysema. Work-up on these patients often show low FEV1 
values with high residual volumes and lung capacity. In these patients applying the 
principle of lung volume reduction to include the suspected areas, this will help to 
treat the secondary pneumothorax as well as improving overall outcome. However 
this patient population should be approached with care and best treated in centers 
with expertise in LVRS. Often the staple lines will require reinforcement, and 
additional adjunctive procedures may be necessary such as pleural tent to manage 
air leak (Figure 4a) [34].
Patients presenting with secondary pneumothorax with underlying fibrotic 
parenchymal pathology present additional challenges [35]. These lungs have poor 
compliance, and air leak management will require a different approach that may 
need sealants rather than resection and use of pleural tent to manage the air leak 
and the space (Figure 4b). Use of tissue sealants instead of stapling, or in addi-
tion to stapling, may be necessary if the patient is deemed a candidate for surgical 
intervention. If not a surgical candidate, conservative approach with chemical 
pleurodesis would be appropriate.
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The most important consideration among patients with secondary spontaneous 
pneumothorax is that by definition, the patients are sicker than primary spontane-
ous pneumothorax patients because of the underlying lung condition at baseline. 
This lung pathology almost always accompanies in advanced age, with finding 
the mean age of patients presenting with primary spontaneous pneumothorax is 
younger than secondary pneumothorax. It stands to reason that this age brings 
with it more medical comorbidities and, as a result, reduced physiologic reserve, 
therefore necessitating prompt action, even when the size of the pneumothorax is 
relatively small. Furthermore, if one occurrence of pneumothorax in this patient 
population represents a life-threatening condition, then a recurrence could possibly 
be even more life-threatening. Therefore, one could argue that preventing recur-
rence of pneumothorax is more of a matter of life and death in secondary pneumo-
thorax patient compared to primary spontaneous pneumothorax for the reasons 
listed above, as typically they have limited reserve [36, 37].
While agreement is coalescing that among patients treated with surgery for 
spontaneous pneumothorax, VATS should be the primary method of access. The 
diseased lung should be excised, and some form of pleurodesis should be added. 
Several other areas of interest warrant attention as well.
The strategy of postoperative chest tube management following surgical treat-
ment for pneumothorax has not been extensively studied. Some surgeons advocate 
the placing of chest tubes to allow wall suction to increase the lung-chest wall 
apposition after pleurodesis, while others prefer to leave chest tubes on water seal in 
the immediate postoperative period. One study has compared these two strategies 
for chest tube management, demonstrating that placing patients on −20 cm H2O 
suction resulted in increased chest tube duration, hospital stay, and prolonged air 
leak compared to those patients on no suction [38]. As long as pleural apposition is 
noted on chest radiograph postoperatively, the use of suction can be avoided that 
suggest prolonged air leak and subsequent hospital stay.
Some suggest that the cost and length of hospital stay might be reduced by insti-
tuting “clever” drainage strategies. One such approach is the use of digital electronic 
drainage systems to manage chest tubes. Removal of chest drains remains an important 
factor in timing of discharge from the hospital following lung resection. Since data 
was first published on the first digital suction device in 2006, there has been increased 
interest in the idea of utilizing objective data from these devices to dictate timing of 
the removal of chest drains, thereby reducing inter-operator variability and hopefully 
length of stay [39]. A group in Korea expanded on this idea by utilizing Wi-Fi-enabled 
digital suction devices in the postoperative management of chest drainage tubes in 
patients undergoing VATS wedge resection for primary spontaneous pneumothorax 
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(a) Using reinforcement techniques to reduce air leak at staple line and (b) using pleural tent to manage air 
leak and space in a noncompliant lung.
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[40]. The devices utilized in this study could not only remotely deliver information to 
providers regarding suction power and volume of air leaks, but they could also allow 
the providers to remotely control settings on the suction device. In keeping with the 
growing reliance on mobile technology in our society, clinicians were able to monitor 
and control device parameters using a smartphone app. Findings in this randomized 
control trial were consistent with previous studies which showed a statistically signifi-
cant decrease in chest tube duration, length of stay, and, consequently, overall cost. The 
investigators established the safety and feasibility of managing pleural drains remotely 
opening the possibility of discharging patients home with the drains in place and moni-
toring their progress at home. One limitation of this particular study was that investiga-
tors elected not perform any form of pleurodesis to limit the postoperative parameters, 
thereby reducing the generalizability of the data onto patients who received the gold 
standard of treatment for spontaneous pneumothoraces, namely, resection and 
pleurodesis. Despite this limitation, recurrences in this study with 6 months of follow-
up data remained low at about 3.4%. Given the rapidity with which mobile technology 
is advancing, it is not hard to envision a time when physicians can monitor the charac-
ter and volume of effluent from these devices as well, thereby decreasing the need for 
inpatient care to that of reaching a stable level of analgesia with only oral agents.
There are also financial implications that should be considered when evaluating 
the differences between open and minimally invasive approaches to the manage-
ment of pneumothorax and use of adjuncts. In a small Italian study from 1996 
comparing VATS versus thoracotomy for management of recurrent spontaneous 
pneumothorax at a time when reusable VATS instruments were not yet widely avail-
able, VATS was still found to have a 22.7% cost savings compared to thoracotomy 
even when expensive disposable VATS equipment was used. The cost savings at 
that time were realized in the decreased duration of postoperative hospitalization 
seen in patients treated with VATS compared to open thoracotomy [10, 41]. A more 
recent study identified these cost savings in complication, ICU admission, length 
of hospitalization, operative time, and chest tube duration [42], further supporting 
the argument of minimally invasive intervention compared to open.
As application of robotic techniques become readily available to thoracic surgeons, 
it is likely the technology could be developed in pinpointing air leak and precision 
application of treatment during surgical intervention. Furthermore, there is an increas-
ing interest in using computerized chest drainage systems to allow for an early and safe 
removal of chest tube or remote management of the tube in outpatient settings.
Anesthetic concerns are typically left out of discussion of surgical treatment. 
However, one paper that deserves mention evaluated the feasibility of performing 
awake VATS bullectomy and abrasion. In this randomized control trial in Rome, Italy, 
patients were randomized to undergo either awake VATS with thoracic epidural anes-
thesia or traditional VATS with general anesthesia and single-lung ventilation [43]. 
The sample size was relatively small to be sure, with 21 in the investigational arm and 
23 in the control arm, but the results of the trial were striking nonetheless. Not only 
was awake VATS technically feasible, with all cases being completed as planned and 
zero conversions to general anesthesia, but pain scores and patient satisfaction with 
anesthesia favored the awake approach over the traditional VATS. What is particu-
larly interesting in this study is that the cost data also favored the awake technique 
(2540 ± 352 € vs. 3550 ± 435 €, p < 0.0001). This is mostly because anesthesia time 
(25.0 ± 6.0 min vs. 35.5 ± 10.0 min, p < 0.001), recovery room time (20 ± 15.0 min 
vs. 30 ± 15.0 min, p = 0.001), global OR time (78.0 ± 20.0 min vs. 105.0 ± 15.0 min, 
p < 0.001), and hospital stay (2.0 ± 1.0 d vs. 3.0 ± 1.0 d, p < 0.0001) were all shorter 
for the awake group [43]. With a significant portion of the debate over how best to 
control rising health-care costs with focus on resource utilization and hospital stay, it 
is a wonder why this technique is not more widely utilized, let alone discussed.
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The rise of minimally invasive surgical treatment of spontaneous pneumothorax 
has had a great impact on the way in which these are approached. Prior to the adoption 
of VATS techniques, many patients were deemed too sick to tolerate either single-lung 
ventilation or the ventilator assistance required in the perioperative period or both. 
Ichinose and colleagues retrospectively evaluated the records of all patients operated on 
for secondary pneumothorax, 183 cases, at a single institution between 1993 and 2014 
and reported on the outcome of their surgical treatment [37]. Other than the underlying 
lung pathology, of which interstitial pneumonia had the worst survival, the group iden-
tified open surgical treatment as the greatest risk factor for treatment failure defined as 
the occurrence of in-hospital mortality, postoperative complications, and death within 
6 months or ipsilateral recurrence within 2 years. In noting the dearth of evidence 
regarding minimally invasive surgical techniques for secondary pneumothorax, Galvez 
and colleagues highlight the promise of non-intubated VATS (NI-VATS) surgery in this 
population [44]. In addition to the benefits of this technique described above for PSP, 
the benefits of avoiding general anesthesia in these patients also include decreasing 
risk of ventilator dependency, decreasing risk of pulmonary infections, secretions of 
orotracheal intubation, and a reduction in overall pulmonary complications by half. 
Much of the pleurodesis reported in this literature review involved fibrin glue, polygly-
colic acid sheets, and autologous blood or some combination of these. It seems obvious 
that because of the decreased physiologic and cardiopulmonary reserve often seen in 
patients with secondary pneumothorax, there should be great interest in developing 
additional minimally invasive surgical techniques and investigating their benefits.
5. Conclusion
Despite differences in etiology of pneumothorax, the management should be 
directed at expeditious bedside and, ultimately, surgical management for patients 
who do not completely resolve their pneumothorax non-operatively [45]. We advo-
cate for bedside chest tube placement under local anesthetic for nearly all patients 
who present with spontaneous pneumothorax, except those with small pneumo-
thorax that remain stable on follow-up radiographic imaging. Following chest tube 
placement, if the pneumothorax fully resolves and there is no ongoing air leak, these 
patients can have their chest tube water sealed and subsequently removed as early as 
the day after hospital presentation. Patients with recurrent bilateral pneumothorax, 
patients who present for the first time without ready access to medical care, patients 
with profession or hobbies that make them at higher risk from developing recurrence, 
or patients with persistent air leak should undergo surgical intervention whenever 
possible. The operative approach should favor VATS over open thoracotomy for both 
pleurodesis/pleurectomy and resection of blebs. Our approach is always to perform 
pleurodesis following the blebectomy or remove the source of the air leak. Our pre-
ferred approach in younger patients is mechanical pleurodesis, and in patients above 
65 years of age, use graded talc. In patients presenting with recurrences following a 
previous pleurodesis, we reserve the apical pleurectomy. In patients with secondary 
pneumothorax, we have lower threshold to reinforce staple line or perform pleural 
tent in addition to the above. This overall strategy will facilitate timely treatment in 
this patient population and accomplish it in a minimally invasive manner that aligns 
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directed at expeditious bedside and, ultimately, surgical management for patients 
who do not completely resolve their pneumothorax non-operatively [45]. We advo-
cate for bedside chest tube placement under local anesthetic for nearly all patients 
who present with spontaneous pneumothorax, except those with small pneumo-
thorax that remain stable on follow-up radiographic imaging. Following chest tube 
placement, if the pneumothorax fully resolves and there is no ongoing air leak, these 
patients can have their chest tube water sealed and subsequently removed as early as 
the day after hospital presentation. Patients with recurrent bilateral pneumothorax, 
patients who present for the first time without ready access to medical care, patients 
with profession or hobbies that make them at higher risk from developing recurrence, 
or patients with persistent air leak should undergo surgical intervention whenever 
possible. The operative approach should favor VATS over open thoracotomy for both 
pleurodesis/pleurectomy and resection of blebs. Our approach is always to perform 
pleurodesis following the blebectomy or remove the source of the air leak. Our pre-
ferred approach in younger patients is mechanical pleurodesis, and in patients above 
65 years of age, use graded talc. In patients presenting with recurrences following a 
previous pleurodesis, we reserve the apical pleurectomy. In patients with secondary 
pneumothorax, we have lower threshold to reinforce staple line or perform pleural 
tent in addition to the above. This overall strategy will facilitate timely treatment in 
this patient population and accomplish it in a minimally invasive manner that aligns 
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Catamenial pneumothorax is a rare condition in which spontaneous pneu-
mothorax is recurrent. The incidence of catamenial pneumothorax has been 
underestimated for a few number of reasons. Recently, the etiology of catamenial 
pneumothorax has been more accurately diagnosed because of increased aware-
ness and interest in the disease. Common and effective use of VATS technique 
contributed to better understanding of the disease. The management of the disease 
is difficult because of high recurrence rate. Operative and nonoperative interven-
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Recurrent pneumothorax which is associated with menstruation is named as 
“catamenial pneumothorax” (CPX). It was first reported by Maurer et al. [1] and 
was presented to be a form of ectopic endometriosis and the term CPX was stated 
by Lillington et al. [2].
“Catamenial” is a name from Greek meaning “monthly.” CPX is most commonly 
associated with endometriosis, but other etiological mechanisms of this disease 
exist [3–6].
In the literature, CPX is defined to be a recurrent pneumothorax occurring up to 
24 h before or within 72 h after the onset of menstruation [4, 6], and on the other 
hand, not necessarily appearing every month [7]. Symptoms and signs of CPX are 
mostly unspecific so much clinical suspicion has to be maintained [8]. CPX is a rare 
entity; however, regarding literature, about one-third of all surgically treated cases 
of pneumothorax in women are diagnosed to be CPX [9–12].
Therefore, thoracic endometriosis should always be suspected in reproductive-
age woman who suffer chest pain from spontaneous pneumothorax.
Thoracic endometriosis syndrome may be associated with other causes than pel-
vic endometriosis. In the first 24–48 h of menstruation, symptoms begin to appear 
and are usually seen on the right side of the chest. In 90% of the patients, chest pain 
is the most common symptom, and in one-third of the patients, shortness of breath 
is rarely seen, but hemoptysis is also added to the clinical picture [13]. In the light of 
these findings, the diagnosis of the disease is made clinically.
From 3 to 6% of spontaneous pneumothorax cases are catamenial pneumotho-
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The mean age of onset is reported to be 32–35 years [3, 4, 12, 14–17]. CPX may 
also develop as late as at 39 years of age [18, 19]. CPX occurs most often (85–95%) 
unilaterally, usually occurring on the right side of the chest, but there are cases on 
which pneumothorax also occurs on the left side or bilaterally [11, 15–21].
2. Incidence
CPX is generally considered to be a rare entity, and there is an incidence less 
than 3–6% among women who suffer from spontaneous pneumothorax. Such a low 
incidence rate may be a result of decreased disease awareness and underdiagnosis 
[4, 8–10, 19, 22–29].
Yet, the incidence of catamenial pneumothorax was much higher among women 
at reproductive age who were referred for surgical treatment because of recurrent 
spontaneous pneumothorax, ranging between 18 and 33% [9–12, 22].
In a recent study [24, 29, 30], 156 premenopausal women who underwent 
surgery for spontaneous pneumothorax were reviewed retrospectively, and 31.4% 
(49/156) of the patients were classified as CPX.
In a retrospective study, Alifano et al. reported thoracic endometriosis in 13 out 
of 35 (37%) patients who underwent reoperation for recurrent spontaneous pneu-
mothorax [29]. Catamenial pneumothorax was the initial diagnosis in eight cases 
and idiopathic pneumothorax in four cases [29]. Under/misdiagnosis of thoracic 
endometriosis can be referred to several causes, including decreased disease aware-
ness, incomplete scanning for the lesions, variations in the size, appearance, and 
number of the lesions [24, 30].
3. Etiology
The etiopathology of catamenial pneumothorax remains unclear, but there are 
some theories explaining the etiopathogenesis of catamenial pneumothorax. These 
theories include physiological, migrational, microembolic-metastatic, and the 
diaphragmatic theory of air passage [17] (Table 1).
According to the physiologic hypothesis, high levels of circulating prostaglandin 
F2 during menstrual cycle cause vasoconstriction and this induces alveolar rupture 
and pneumothorax. Pulmonary bullae blebs may be more sensitive to ruptures dur-
ing hormonal changes. There are no pathognomonic lesions in such cases and this 
issue supports the physiologic theory [4, 7, 8, 24, 31].
In metastatic or lymphovascular microembolization theory, endometrial tissue 
spread through the venous and/or the lymphatic system to the lungs, and subse-
quent catamenial necrosis of endometrial parenchymal site adjacent to visceral 
pleura causes pneumothorax. If parenchymal endometrial focus is located centrally, 
hemoptysis may be present as a symptom [3, 4, 7, 8, 22, 24, 30–32]. Endometrial 
tissue can be detected in the lung parenchyma, at knee, in the brain, and in the eye. 
This supports the metastatic theory [12].
According to the transgenital-transdiaphragmatic passage of air theory, absence 
of cervical mucus during menstruation provides air passage from the vagina to the 
uterus, through the cervix. Then, air enters the peritoneal cavity straight through 
the fallopian tubes and reaches to the pleural space by diaphragmatic defects [4, 7, 
8, 22, 24, 31]. This passage is facilitated by the difference in atmospheric pressures 
between pleural space and peritoneal space since the atmospheric pressure in the 




There are few reports in the literature regarding transgenital-transdiaphrag-
matic passage of air theory. There are rare cases reporting simultaneous [33, 34] 
or undulating episodes CPX and pneumoperitoneum [35], and also case reports 
defining radiologic findings of small diaphragmatic defects associated with ipsilat-
eral CPX [21]. But repeated episodes of pneumothorax after hysterectomy, fallopian 
tube ligation, and diaphragmatic resection provide evidence that all the CPX cases 
can be explained by this theory [7, 24, 29, 36].
Migration theory is based on retrograde menstruation which causes in pelvic 
seeding of endometrial tissue and migration of this tissue to the subdiaphragmatic 
sites through the peritoneal fluid flow. Endometrial tissue is mostly implanted to 
the right hemidiaphragm because peritoneal circulation prefers a clockwise flow 
through the right paracolic gutter to right hemidiaphragm and the liver facilitates 
flow with its piston-like activity. Catamenial necrosis of this diaphragmatic endo-
metrial implants results in diaphragmatic perforations. Endometrial tissue then 
passes through this diaphragmatic perforation and spreads into the thoracic cavity. 
Ectopic endometrial tissue implants to the visceral pleura and following catamenial 
necrosis of this tissue cause rupture of the underlying alveoli, and pneumotho-
rax occurs [3, 4, 7, 8, 22, 24, 30, 31]. Endometrial diaphragmatic implants exist 
along with diaphragmatic perforations [37], and endometrial tissue can be seen 
at the edges of the diaphragmatic perforations in many cases of CPX [22]; these 
findings may support the migration theory in the etiopathology of catamenial 
pneumothorax.
4. Clinical manifestations and diagnosis
The typical clinical manifestations of CPX include spontaneous pneumothorax 
with or before menses presented with pain, dyspnea, and cough. Scapular and 
thoracic pain may also be present before or during menstruation. There may also 
be a history of previous episodes of spontaneous pneumothorax, history of previ-
ous uterine surgery, primary or secondary infertility or uterine scratching, pelvic 
Physiological hypothesis High levels of circulating prostaglandin F2 during menstrual cycle cause 
vasoconstriction, and this induces alveolar rupture and pneumothorax.
Metastatic or lymphovascular 
microembolization 
hypothesis
Endometrial tissue spreads through the venous and/or the lymphatic 
system to the lungs, and subsequent catamenial necrosis of endometrial 




Absence of cervical mucus during menstruation provides air passage from 
the vagina to the uterus, through the cervix. Then air enters the peritoneal 
cavity straight through the fallopian tubes and reaches to the pleural space 
by diaphragmatic defects.
Migration hypothesis Following catamenial necrosis of this diaphragmatic endometrial 
implants results in diaphragmatic perforations. Endometrial tissue then 
passes through this diaphragmatic perforation and spreads into the 
thoracic cavity. Ectopic endometrial tissue implants to the visceral pleura 
and following catamenial necrosis of this tissue causes rupture of the 
underlying alveoli, and pneumothorax occurs.
These theories include physiological, migrational, microembolic-metastatic, and the diaphragmatic theory of air 
passage.
Table 1. 
The etiopathology of catamenial pneumothorax remains unclear, but there are some theories explaining the 
etiopathogenesis of catamenial pneumothorax.
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endometriosis diagnosis, and history of catamenial hemoptysis or catamenial 
hemothorax [30].
Medical history and occurrence of typical symptoms are crucial for the diag-
nosis of catamenial pneumothorax, and these findings should be systematically 
investigated [11]. Although existence of these findings creates high suspicion on 
catamenial pneumothorax, their absence does not exclude a diagnosis of catamenial 
pneumothorax [24, 30].
Intermittent presentations out of menstrual bleeding time should not exclude 
the diagnosis of noncatamenial endometriosis-associated pneumothorax even in 
the absence of symptoms and pelvic endometriosis [9, 24, 38].
The clinical course of CPX is usually mild or moderate, but sometimes be 
life-threatening. Widespread thoracic endometriosis after previous operations is 
reported in the literature as case reports [39]. A young woman who experienced 
an episode of life-threatening hemopneumothorax who has been treated by urgent 
tube thoracostomy and thoracotomy was reported by Morcos et al. [39]. Lung 
wedge resection, parietal pleurectomy, and partial diaphragmatic excision have also 
been performed in this case.
Patients with CPX are reported to have a mean age of 35 (range 15–54) years at 
presentation [40].
Catamenial pneumothorax can also have very rare presentations in the litera-
ture. Simultaneous occurrence of pneumoperitoneum and catamenial pneumotho-
rax [33, 34], catamenial pneumoperitoneum mimicking acute abdomen in a woman 
with multiple episodes of pneumothorax [35], pneumothorax, and pneumoperito-
neum in a patient with spontaneous diaphragmatic rupture has been reported in the 
literature [41].
Medical history is the main pathway on the way to the diagnosis of 
CPX. Synchronicity of the clinical course with menses is the main character of the 
disease, but on the other hand intraoperative visual inspection and appropriate 
histological examination of the pathognomonic lesions are crucial for the diagnosis 
of endometriosis-related pneumothorax. The surgeon needs to be vigilant because 
it can easily be missed if not cautious [7, 24, 29, 42].
5. Imaging diagnostic criteria
Chest radiogram, computed tomography, and magnetic resonance imag-
ing are the imaging modalities that can be used for the diagnosis of catamenial 
pneumothorax. Although there are no disease-specific diagnostic criteria, pneu-
mothorax is usually right sided. On the other hand, left-sided or bilateral cases 
are present. Air-fluid leveling may also occur at chest radiogram, in some cases. 
Hemopneumothorax may also be a part of clinical course [24, 30]. Loculated fluids 
can be seen in cases with the history of previous surgery [39].
Only in a few number of cases, small diaphragmatic defects can be detected with 
careful examination of chest radiogram, which refers to diaphragmatic perfora-
tions. Also when a right-sided pneumothorax with a round opacity on the right 
hemidiaphragm occurs, liver protrusion into a large diaphragm defect is suspected 
[21, 43]. This type of partial intrathoracic liver herniation at the right hemidia-
phragm on chest radiogram and CT [24, 44] has been reported in the literature. 
There are also reports in the literature regarding diaphragmatic masses on CT [23] 
and pleural masses on MRI that refers to endometrial implants [45].
CT findings of hemoptysis are nonspecific; they may differ from a focal ground-
glass opacity to consolidation because of alveolar filling, similarly in hemoptysis 




findings facilitate the location of the site of bleeding. In the early period of the 
disease, endobronchial clots may be present, which cause atelectasis in some cases. 
There are also reports revealing band-like opacities referring to linear fibrosis sites, 
which result from chronic hemorrhage [46].
MRI is another imaging modality that can be used for confirming thoracic endo-
metriosis in some cases. CT has some disadvantages especially in spatial resolution, 
but MRI has high-contrast resolution and can better characterize hemorrhagic lesions. 
Representation of diaphragmatic or pleural implants with MRI can help to clarify the 
diagnosis and management of the patient with catamenial pneumothorax [46].
MRI may also be useful for patients with catamenial hydropneumothorax; small 
pleural endometriomas characterized by the presence of small cystic hyperintense 
lesions can be revealed by MRI images of visceral or parietal pleura [46].
Coexisting pneumothorax and pneumoperitoneum are other findings that can 
be seen on radiography and computed tomography [33, 34].
6. Tumor antigens
Increased levels of cancer antigen 125 have been associated with endometriosis. 
It is not considered a specific marker, but it can play a role in early diagnosis of 
endometriosis-related pneumothorax [47, 48].
7. Characteristic findings of catamenial pneumothorax
Characteristic lesions of the catamenial pneumothorax include single or multiple 
diaphragmatic spots, perforations, nodules, and visceral or parietal pleural spots 
and nodules. Pericardial nodules have also been reported in some cases.
These lesions have not been found in all patients with catamenial pneumotho-
rax, but they have been revealed in some cases with noncatamenial pneumothorax. 
Detection of endometrial tissue is not mandatory in these lesions. On the other 
hand, endometrial tissue has usually been found in diaphragmatic and pleural 
nodules, but it is rarely detected at the edges of the diaphragmatic perforations [30].
Visceral and parietal pleural lesions are less frequently detected than diaphrag-
matic defects, spots, and nodules.
7.1 Diaphragmatic lesions
The diaphragmatic lesions usually located at the centrum tendineum and can be 
single or multiple. They usually settle adjacent to nodules. They can be outlined as 
perforations, fenestrations, holes, stomata, and pores [24, 30, 49] (Figure 1a and b).
They can be tiny holes measuring 1–3 millimeters in diameter [7, 50], or larger 
defects measuring up to 10 mm [4, 18] or more than 10 mm [8] or represent as 
undetected holes proven only by diagnostic pneumoperitoneum [42].
Diaphragmatic defects are usually found close to coexisting nodules or spots, 
and endometrial tissue is sporadically found at the edges of the defects [4, 9, 11, 22]. 
This situation supports the theory claiming that the diaphragmatic defects repre-
sent the breakdown of endometrial implants during menstrual cycle [22, 24].
There are also case reports of larger lacerations that accompany with intratho-
racic liver protrusion, but these presentations are very rare.
A patient with catamenial pneumothorax on the right hemithorax was reported 
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sent the breakdown of endometrial implants during menstrual cycle [22, 24].
There are also case reports of larger lacerations that accompany with intratho-
racic liver protrusion, but these presentations are very rare.
A patient with catamenial pneumothorax on the right hemithorax was reported 




Visouli et al. also reported five cases of catamenial pneumothorax [24], which 
contains a case very similar regarding liver protrusion, and they have recommended 
that these findings should be included in the characteristic findings of catamenial 
and thoracic endometriosis-related pneumothorax, although this presentation is 
very rare [24].
Catamenial pneumothorax with a huge diaphragmatic laceration and partial 
intrathoracic liver herniation was reported by Bobbio et al. [43], and Makhija et al. 
[51] reported a patient with multiple diaphragmatic fenestrations. The largest lesion 
was reported to have a diameter of 10 cm.
Spontaneous rupture of the right hemidiaphragm and intrathoracic liver hernia-
tion was also reported in the literature [41]. Pneumothorax and pneumoperitoneum 
was detected in a patient with a history of premenstrual periscapular pain. At the 
edge of the diaphragmatic defect, a nodule looking like an endometrial implant was 
found in that patient. Histological examination of the nodule revealed endometrio-
sis with hemosiderin-loaded macrophages. This case is considered as endometriosis-
related, but the histological criteria set by the authors was not appropriate [9, 11]. 
Additionally, previously mentioned cases of large diaphragmatic defects were 
considered to be limited diaphragmatic ruptures and stated that endometriosis was 
responsible for these ruptures [43, 44].
7.2 Thoracic lesions
Endometrial tissue is usually detected on histopathological examination of 
the spots or nodules accompanying catamenial pneumothorax so these lesions are 
considered to be endometrial implants. Diaphragm, visceral, and parietal pleura are 
the common sites for location. Pericardial implants were also reported by Fonseca 
et al. [52]. The lesions may be single or multiple and may have varying size. They 
may have different presentations in color as brown, purple, red, violet, blueberry, 
black, white, grayish, and grayish-purple [1–20, 51].
Figure 1. 
(a) and (b) Thoracoscopic view of diaphragmatic endometriosis. Fenestrations can be seen on the surface 
of the diaphragm (arrows). (c) The liver is visible after surgical resection. (d) Sutured diaphragm after 




Diaphragmatic and thoracic lesions may be present in all cases, but on the other 
hand, only one or more of them can be seen either [1–21, 39, 53, 54].
In some cases of catamenial pneumothorax, characteristic findings may be 
absent and blebs and bullae may be the only pathological findings. In some cases, no 
characteristic thoracic findings may be detected [7, 12, 20, 22–24].
Detection of characteristic lesions during thoracotomy or thoracoscopy depends 
on thorough and deliberate examination of the thorax, including the diaphragm. 
This also depends on the stage of the disease and catamenial behavior of the disease 
and longer-term variation [22, 24, 30, 42].
8. Surgical treatment of catamenial pneumothorax
Surgical treatment is the gold standard in treatment of catamenial pneumo-
thorax, not only for its better results but less recurrences after treatment as well. 
Surgery has better results compared with medical treatment [1–20].
Korom et al. [7] reviewed 195 cases of CPX among 229 cases and reported that 154 
cases (78%) were treated surgically. Among surgically treated patients, diaphragmatic 
repair (38%), pleurodesis (81%), and lung wedge resection (20%) were performed.
There is common consensus in the literature that the appropriate approach to 
CPX has to be minimally invasive so video-assisted thoracoscopic surgery (VATS) 
is the choice of treatment. VATS not only provides magnification but complete 
visualization of diaphragm as well [23].
Video-assisted thoracoscopic surgery (VATS) has been mainly in use since 
2000 in the treatment of thoracic diseases with several advantages over conven-
tional thoracotomy. Incision may be extended when extensive diaphragmatic repair 
is required, and also a muscle-sparing thoracotomy may offer better access in such 
cases. Thoracotomy may be an option especially in recurrent interventions or in 
reoperations [4–28, 30].
The lung examination for bullae, bleb, and air leakage is very important, but the 
diaphragm should also be carefully examined for fenestrations and spots or nod-
ules. In addition, it is critical to examine the parietal pleura, lung, and pericardium 
in terms of spots and nodules.
Bagan et al. recommended the use of surgical treatment during menstrua-
tion. Thus, they stated that endometriotic lesions may be better visualized during 
menstrual period [22]. Slasky et al. used the pneumoperitoneum method to reveal 
unseen diaphragmatic fenestrations [42]. Identification of the lesions within the 
thorax is made easier by the magnification provided by VATS [4–28, 30]. The tissue 
samples from these lesions make it easy to diagnose thoracic endometriosis [10].
Resection of all visible lesions such as bullae or bleb and also resection of 
endometriosis-induced thoracic lesions have been recommended by Alifano et al. 
Limited wedge resection of the diseased lung tissue, limited parietal pleurectomy, 
and partial diaphragmatic resection were suggested surgical techniques for the 
elimination of intrathoracic lesions [4].
Excision and wedge resection of bullae and blebs [7, 12, 23, 30], along with 
pleurodesis or pleurectomy, has been mainly performed in the literature [7, 8, 12, 
23, 30, 47]. Pleurodesis was found to be the most common intervention [29]. The 
majority of pleurodesis performed was mechanical pleurodesis (abrasion or pleu-
rectomy), which has been found to be more successful in comparison to chemical 
pleurodesis [6].
Addressing the diaphragmatic pathology is of paramount importance. 
Diaphragmatic plication and/or resection of the diseased area have been reported 
[7, 12, 23, 24, 30, 49] (Figure 1c and d).
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Accepted surgical algorithm and treatment in catamenial pneumothorax.
Recurrence is the most common complication of CPX, and there are reported 
recurrence rates of 20–40% [4, 7, 41, 51]. Alifano et al. suggested that diaphrag-
matic resection with removal of endometrial implants is the preferred method 
compared to single diaphragmatic plication because plication has an disadvantage 
of leaving endometrial implants untreated [29, 38]. Still, recurrences may develop 
even after diaphragmatic resection [29].
Fewer recurrences after diaphragmatic coverage with a polyglactin mesh were 
reported by Bagan et al. To prevent recurrences, they suggested a systematic dia-
phragmatic covering, including the normal appearance of diaphragms, treating 
ocular defects, strengthening the diaphragm, and inducing adhesions to the lung [7].
There are also reports on diaphragmatic coverage with a polyglactin or polypro-
pylene mesh [8], a polytetrafluoroethylene (PTFE) mesh [15], or a bovine pericar-
dial patch [24], which has been reported with good mid-term results.
9. Medical treatment
Hormonal treatment has a supplementary role in the treatment of catamenial 
pneumothorax. With the administration of hormonal therapy, it is possible to 
prevent recurrences of catamenial pneumothorax.
A multidisciplinary approach is mandatory for the management of the disease 
and administration of gonadotrophin-releasing hormone (GnRH) analogue, which 
results in the lack of menses, and is suggested for all patients with proven catame-
nial pneumothorax in the early postoperative period for 6–12 months [4, 7, 8, 22, 24, 
30, 48]. Patients without documented catamenial character or histologically proven 
thoracic endometriosis may also benefit from hormonal treatment even in the pres-
ence of characteristic lesions [24, 30].
Woman’s plans concerning pregnancy are very crucial, when deciding whether 
to start hormonal therapy or not. In such therapies, oral contraceptive pills 
(estrogen-progestogen) are usually used which induce menses every 28 days or they 
are used continuously without inducing menses. These pills also include progesto-




There are also several medications, which are currently in use. Medical treatment 
is recommended in patients when catamenial pneumothorax is associated with 
endometriosis [17].
The aim of early GnRH analogue delivery is to prevent cyclic hormonal changes 
and to suppress the activity of the ectopic endometrium until effective pleurodesis 
occurs, because time is needed for the formation of effective pleural adhesions [38].
Hormonal treatment is advised for longer periods especially after reoperations 
for catamenial pneumothorax.
Proven ineffectiveness of the therapy or significant side effects of the drugs are 
the contraindications of hormonal therapy [29].
There is an accepted surgical algorithm and treatment in catamenial pneumo-
thorax [55], which is described in Figure 2 in detail.
10. Results of treatment
Practically, surgery for catamenial pneumothorax has very low mortality and 
morbidity. Recurrence is the most common complication of CPX, and there are 
reported recurrence rates of 20–40% [4, 7, 41, 53].
High recurrence rates are much higher than surgically treated idiopathic pneu-
mothorax [8–10, 22–24, 29].
A low recurrence rate (8.3%), at a mean follow-up of 45.8 months, was reported 
by Attaran et al., by video thoracoscopic abrasion and pleurectomy, diaphragmatic 
repair and PTFE mesh coverage for the repair of diaphragmatic defects, and a 
routine postoperative hormonal treatment [55].
Also Alifano et al. reported that the highest postoperative recurrence rate 
in 114 women who were operated due to recurrent spontaneous pneumothorax 
was in the catamenial pneumothorax group (32%), and this was followed by a 
noncatamenial endometriosis-associated pneumothorax group (27%). They also 
reported a recurrence rate of 5.3%, at a mean of 32.7 months of follow-up, in 
patients with noncatamenial nonendometriosis-associated pneumothorax [32].
Incomplete surgical treatment of lesions and lack of additional hormonal 
treatment in the early postoperative period [23, 24, 38–54] may increase the risk of 
recurrence [24, 30, 38–56].
11. Conclusions
Young women with pneumothorax, especially in the perimenstrual period, 
should be suspected of catamenial pneumothorax. Failure occurs most frequently 
when recurrent catamenial pneumothorax occurs.
The lesions of the parietal and visceral pleura should be carefully examined and 
removed during surgery. Diaphragm reconstruction is required every time when 
fenestrations are detected in diaphragm.
Hormonal therapy is also recommended because it facilitates the effectiveness of 
the surgical results.
Multidisciplinary approach with early postoperative hormonal treatment, which 
deals with all thoracic pathologies including disease awareness, early diagnosis, 
diaphragmatic repair, and surgical management of the main chronic systemic 
disease, may eventually lead to a reduction in the rate of recurrence of catamenial 
pneumothorax [3–13, 15, 23, 24, 30, 32].
Treatment of women of childbearing age is different from men of the same 
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reported recurrence rates of 20–40% [4, 7, 41, 53].
High recurrence rates are much higher than surgically treated idiopathic pneu-
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A low recurrence rate (8.3%), at a mean follow-up of 45.8 months, was reported 
by Attaran et al., by video thoracoscopic abrasion and pleurectomy, diaphragmatic 
repair and PTFE mesh coverage for the repair of diaphragmatic defects, and a 
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Surgical intervention either by video-assisted thoracoscopic surgery (VATS) 
or open procedure proved its worth in reducing the incidence of recurrence in 
pneumothorax. However, many controversies surround the management of this 
common medical condition. Despite advances in knowledge and technology, 
chest physicians and surgeons could not be more divisive about the management 
of pneumothorax. There are no two thoracic surgical centres and possibly no two 
surgeons within the same hospital that agree on the management of the different 
aspects of pneumothorax. The variability in reported outcomes and the paucity 
of published multicentre randomised controlled trials (RCT) highlight the need 
for further studies investigating the best options for pneumostasis and pleurode-
sis. This chapter aims at discussing some of these controversies and reviews the 
literature at its current state of evidence.
Keywords: pneumothorax, video-assisted thoracic surgery, thoracotomy, 
pleurodesis, air leak, surgical emphysema, intercostal drain, COPD
1. Introduction
The Red Indians knew that the North American buffalo had a single pleural 
cavity. A single arrow to the chest was enough to collapse both lungs and expedite 
the death of the beast. On the other hand, the elephant is unique insofar as it is the 
only mammal whose pleural space is obliterated by connective tissue. This natural 
pleurodesis has been known for over 300 years but only recently explained [1]. 
Apparently, the elephant is the only mammal that can remain submerged far below 
the surface of the water while snorkelling. It is intriguing though that the foetal 
elephant has normal pleural spaces that obliterate later in gestation [2]. Humans are 
slightly luckier; they enjoy two pleural spaces separated by mediastinal structures; 
if one lung collapses, the other one sustains life. However, there are reports in the 
literature of some patients with pleuro-pleural congenital communications, present-
ing with simultaneous bilateral pneumothoraces, the so-called buffalo chest [3].
Humans collapse their lungs frequently, and the different ways we deal with this 
common condition match its frequency. There is bound to be differences in opinion, 
and the multicentre randomised controlled trials (RCT) have not come up with a 
solid protocol to guide management. There was no general agreement on therapy 
when Ruckley and McCormac of the Royal Infirmary of Edinburgh described the 
management of pneumothorax in 1966 [4]. There is no agreement at our present 
time still, despite the technological advances in our knowledge and the available 
randomised controlled trials. We could not agree more with Robert Cerfolio et al. on 
Pneumothorax
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their statement that “although thoracic surgeons are the best trained physicians to 
manage chest tubes and pleural problems, they often do not speak the same lan-
guage or recommend similar treatment algorithms even to each other” [5].
2. The physiology of respiration and pneumothorax
The pressure in the pleural space is determined by the difference between the lung 
elastic recoil and volume changes of the semi-rigid chest wall. The rib cage moves in 
three dimensions; the girdle handle movement of the ribs increases the anteropos-
terior and the lateral dimensions of the chest, whereas the piston-pump movement 
of the diaphragm leads to an increase in the vertical dimension of the chest cavity. 
The chest and diaphragm movements create a physiological negative pressure within 
the pleural space that forces the lung to change shape and volume with the respira-
tory cycle, resulting in inflation and deflation. Neutralising this negative pressure 
in the pleural space leads to lung collapse, as the elastic structure of the lung favours 
its collapse (recoil). Pneumothorax or air in the pleural space invariably leads to 
lung collapse. A thin film of fluid exists between the parietal and visceral pleurae to 
lubricate the sliding of these two structures, roughly 15 mls in a 70 kg adult person. 
The fluid is a microvascular filtrate produced by the parietal pleura and is cleared also 
by the parietal pleural lymphatics, a process similar to that in any other body organ.
3. Epidemiology and pathology of pneumothorax
The term “pneumothorax” was first coined by Itard (1803), but it was Laennec 
(1819) who described its clinical picture [6]. The term refers to “air in the pleural 
space”. Pneumothorax is a significant global health problem ranking high on the 
list of common medical conditions, especially in the emergency department. In the 
United Kingdom (UK), the overall person consulting rate for pneumothorax (pri-
mary and secondary combined) was 24 per 100,000 each year for men and 9.8 per 
100,000 each year for women. Hospital admissions for pneumothorax as a primary 
diagnosis occurred at an overall incidence of 16.7 per 100,000 per year for men and 
5.8 per 100,000 per year for women. Mortality rates were 1.26 per million per year 
for men and 0.62 per million per year for women [7].
How does air gain access to the pleural space? Well, there are several mecha-
nisms for this to happen. Communication between atmospheric air and the pleural 
space can result from trauma, penetrating injuries, impalements, stabs, bullets and 
ammunition. Fractured ribs puncturing the lung is a common cause for traumatic 
pneumothorax, recorded in our accident and emergency department (58 patients 
between January 2007 and 2018). Pneumothorax could also occur spontaneously 
and unprovoked due to a puncture in the visceral pleura, allowing air to pass from 
the open alveoli or small bronchi directly into the pleural space. Air can gain access 
to the pleural space from holes or tears in the aero-digestive system, such as neck 
stabs to the trachea, or a bronchopleural fistula due to tuberculosis or oesophageal 
rupture. Iatrogenic pneumothorax is caused by interventional procedures such as 
central line access, bronchoscopy, oesophagoscopy, insertion of stents, etc. Air in 
the peritoneal cavity can gain access to the chest through holes (fenestrations) in 
the diaphragm. This is one of the explanations of catamenial pneumothorax [8, 9]. 
Pneumothorax following substance abuse and recreational drugs, especially cocaine, 
cannabis and marijuana, has been associated with bullous disease and pneumotho-
rax. However, many is the time bullae are absent and the pneumothorax is associated 
with pneumomediastinum or pneumopericardium. In these instances, air leak 
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does not track to the lung surface, but instead it tracks into the connective tissue 
separating the lung segments and heads towards the hilum. To be comprehensive 
one should not forget about gas producing organisms which might generate air in the 
pleural space without any of the above breaches.
One-way valve motion of air from the lung to pleural space is a dreaded compli-
cation. It could lead to life-threatening tension pneumothorax. In this complication, 
not only the ipsilateral lung collapses, but the mounting pressure on the medias-
tinum pushes the central structures and restricts movement of the contralateral 
lung. Dislocation of the heart to the contralateral side might reach a critical degree 
that kinks the vena cavae and severely restricts venous return to the heart. This 
could result in hyperacute heart failure and death [10]. Cyanosis, sweating, severe 
tachypnoea, tachycardia and hypotension may indicate the presence of this medical 
emergency. Diagnosis of tension pneumothorax is clinical, and a needle or chest 
drain must be inserted, before obtaining a chest X-ray.
4. Classification and treatment
Eighty percent of pneumothoraces are secondary to trauma, and 20% spontane-
ous without provocation. Two big categories of spontaneous pneumothorax (SP) 
exist, with bimodal age distribution: primary SP 15–35 years of age and secondary 
SP +55 years of age. Pneumothorax is distinctly rare among children less than 
15 years. Wilcox et al. reported 17 cases in 12 years [11]. Primary SP occurs on a 
background of normal lungs, whereas secondary SP is associated with diseased 
lungs, such as emphysema, chronic obstructive pulmonary disease (COPD), lung 
fibrosis and cystic fibrosis. Secondary SP is strongly related to cigarette smok-
ing and associated with a higher morbidity and mortality compared to primary 
SP. Primary pneumothorax has been associated with rupture of apical bullae or 
blebs (Figure 1) and has a 54.2% chance of recurring after the first episode [12]. In 
the UK the male-to-female ratio is 3:1 [7].
The British Thoracic Society (BTS) has published an updated summary of the 
management of pneumothorax in 2010 [10]. Similar guidelines were published earlier 
by the American College of Physicians in 2001 [13] and later by the European Task 
Force in 2015 [14]. Breathlessness and the size of pneumothorax influence the manage-
ment of SP. There is a general consensus that conservative management should be tried 
in the first episode, as conservative management of small pneumothoraces has been 
shown to be safe [10, 15]. Surgery proved that recurrence is less, and video-assisted 
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their statement that “although thoracic surgeons are the best trained physicians to 
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does not track to the lung surface, but instead it tracks into the connective tissue 
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emergency. Diagnosis of tension pneumothorax is clinical, and a needle or chest 
drain must be inserted, before obtaining a chest X-ray.
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thoracoscopic surgery (VATS) has opened the option of treating even the first-time 
pneumothorax on semi-urgent basis [16–18]. However, there has been no general 
agreement on the most effective type of surgery or that which is most accepted by 
patients. Ostensibly such a choice should result in the least incidence of recurrence. 
Axillary thoracotomy, full posterolateral thoracotomy, limited lateral muscle sparing 
mini-thoracotomy and triportal, biportal and needlescopic uniportal VATS have all 
been utilised [10, 18, 19]. A subxiphoid approach has also been tried and reported [20]. 
These operations have two objectives: firstly, to deal with the source of air leak (pneu-
mostasis) by bullectomy/blebectomy, etc. and, secondly, to obliterate the pleural space 
leading to permanent adherence of the lung to the chest wall (pleurodesis or symphy-
sis). In essence, we strive to emulate the elephant pleural space and prevent recurrence.
In the 1950s and 1960s, the treatment varied from extremely conservative bed 
rest only to early insertion of a Malecot catheter through the second intercostal space 
anteriorly (very painful!) and thoracotomy or bilateral thoracotomies for non-
resolving cases [4]. Today’s management is nowhere near that, and minimal access 
surgery or VATS has taken up the management of pneumothorax to a new level [19].
Several randomised and non-randomised trials (RCT) looked into the difference 
between the optimal surgical techniques in SP [21]. There is no evidence to support 
the superiority of either VATS or open thoracotomy in the treatment of pneumotho-
rax because the number of randomised trials is sparse and they are underpowered 
to detect any meaningful difference. Barker et al. published an important meta-
analysis of four randomised and 25 non-randomised studies performed in 2007 
comparing VATS to open thoracotomy [22]. Complex statistical tests of homogeneity 
and sensitivity analysis with a hypothetical model biased against open surgery were 
undertaken. RCT without comparative control groups were excluded. They reported 
a worrying fourfold increase in the recurrence of pneumothorax following VATS 
procedure compared to thoracotomy. Their relative risk (RR) favours open surgery; 
however, postoperative pain could not be assessed since most studies did not report 
this outcome. Neither did they report on length of hospital stay, due to severe het-
erogeneity in reporting. A similar previous study by Sedrakyan et al. looking only at 
the randomised trials did not show this difference [23]. The conclusion is that recur-
rence following VATS averaged 4.5%, whereas that following mini-thoracotomy was 
2.3%. Waller et al. randomised 30 patients to VATS and 30 to open thoracotomy [24]. 
They concluded that VATS is superior to thoracotomy in the treatment of primary 
SP but had a higher recurrence rate in secondary SP. Ayed et al. in a randomised trial 
found VATS superior to thoracotomy but reported higher recurrence rates [25]. A 
best evidence topic by Vohra et al. reiterated on the superiority of VATS insofar as 
pain control, less hospital stay and better early lung functions [26]. It stopped short 
of recommending open thoracotomy for the treatment of this condition, quoting 
the Barker study. It is hard to imagine that any contemporary surgeon or clinician 
would recommend open thoracotomy over VATS to their patients, based on this 
evidence. VATS is the most favoured approach by patients. The Barker study, despite 
their extensive heterogeneity tests, has lumped together widely heterogeneous 
approaches to the previously described objectives of pneumostasis and pleurodesis. 
Great variations exist when it comes to what surgeons do inside the chest, a fact not 
factorised in the meta-analysis. In our opinion, it should not matter in any way or 
form how one enters the chest, whereas it matters what one does once inside the 
chest. Indeed, the Barker study showed that in studies that did the same pleurode-
sis through two different forms of access, the relative risk (RR) of recurrences in 
patients undergoing VATS compared with open surgery was similar [22].
With regard to pneumostasis, the practice varies widely between doing nothing 
(if a bulla is not found) and performing a variety of procedures. These include blind 
wedge of the lung apex (apicoectomy), ligation of bulla, tying, stitching, stapling, 
59
Controversies in Pneumothorax Treatment
DOI: http://dx.doi.org/10.5772/intechopen.87141
diathermy, applying silver nitrate and lasering among other methods [27–29]. Each of 
these variants might have a subgroup, for example, stapling with or without buttress-
ing or covering the stapling line to reduce postoperative air leak. Should the treated 
bulla site (staple line) be covered with bioglue or a sealant agent? Which one? Does 
a pleural tent work? [30–32]. This choice could be an attractive option for ventilated 
patients in intensive care and for patients with severe secondary SP [33].
It is conceivable that some clinical importance is attached to the function of the 
pleura and the preservation of this function is advocated when a single apical bulla 
is all that explains the pneumothorax. In addition, pleurodesis is not without its 
complications. It can induce severe postoperative chest pain and increase the risk of 
bleeding and unscheduled return to theatre. In addition, it poses difficulties with 
subsequent thoracic surgery, e.g. if lung transplantation will be required later in life. 
Following this line of thinking, RCT have looked into the difference between bullec-
tomy alone and bullectomy coupled with pleurodesis [34–36]. The general consen-
sus, bar the Korean trial, is that pleurodesis with bullectomy reduces recurrence.
We then come to the second objective of pleurodesis. Several options exist, 
scratching, abrasion, partial or semitotal pleurectomy and pleural sclerosing agents 
[37]. Several chemical agents have been described: talc, tetracycline, minocycline, 
autologous blood, dextrose, etc. [38–41]. The use of chemical pleurodesis is tied 
to the complication of empyema, which adds insult to injury. The bottom line is 
that none of these techniques or agents could give a 100% guarantee of freedom 
from recurrence. Heterogeneity in the methodology of RCT leads to significant 
differences in outcomes. Nor does the meta-analysis of Barker take into account 
the human factor of surgical experience and learning curves. It is not useful to 
lump together trainees at the beginning of their VATS learning curve together with 
experienced surgeons in this field. Unsupervised trainees are bound to have high 
recurrence rates, skewing the figures. Familiarity with small details that might avert 
recurrence is a function of experience. Meticulous examination of the lung surfaces 
is vital to unveil bullae in other lobes. Seventy percent of postoperative pneumotho-
rax recurrences probably developed because of overlooked bullae and incomplete 
resection of bullae in the early period of VATS experience [42]. Equally important 
is to scrutinise the diaphragmatic surface for fenestrations in the child-bearing age 
of ladies [43]. Identification of the lung margin rosary of blebs and the knowledge 
of how to deal with them prevent recurrence (Figure 2). Detailed knowledge of the 
stapling devices, their colour code and sizes is mandatory, as well as the realisation 
that the intersection point of two stapling lines is the weakest link for potential air 
leak. How many of us perform the bubbling test (underwater testing for air leak 
before and after pneumostasis)? It seems logical to make sure that there is no air 
leak by the end of pneumostasis, to ensure the complete expansion of the lung and 
guarantee pleurodesis (Figure 3). Many is the time we found the source of air leak 
hiding within an azygos lobe (Figure 4).
Figure 2. 
(a) Rosary of marginal blebs (beads), which can lead to recurrent pneumothorax. (b) Contact diathermy 
obliterates them and forms a scar at the margin.
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leading to permanent adherence of the lung to the chest wall (pleurodesis or symphy-
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rax recurrences probably developed because of overlooked bullae and incomplete 
resection of bullae in the early period of VATS experience [42]. Equally important 
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of ladies [43]. Identification of the lung margin rosary of blebs and the knowledge 
of how to deal with them prevent recurrence (Figure 2). Detailed knowledge of the 
stapling devices, their colour code and sizes is mandatory, as well as the realisation 
that the intersection point of two stapling lines is the weakest link for potential air 
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before and after pneumostasis)? It seems logical to make sure that there is no air 
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Multiple apical bullae hiding within an azygos lobe.
From the above discussion, it is unreasonable to assign increased recurrence 
rates to the way we access the chest cavity. Access should never matter. Minimal 
access surgery has leapt to the forefront of access choices preferred by patients. It 
has proven to result in less postoperative pain, less usage of analgesics and anti-
emetics, early recovery, less stay in hospital and early return to work. Therefore, it is 
very unlikely to advocate open thoracotomy as a first-choice procedure on the basis 
of the previously mentioned systematic reviews alone.
5. Controversies surrounding chest drain insertion
Who should and who should not insert a chest drain? There is no consensus on 
this matter. However, surgical abilities even of a minor order are required to safely 
insert a chest drain; after all this is a surgical procedure. Therefore, proctored train-
ing is mandatory before any trainee is allowed to do it alone. Should one be certified 
before being allowed to perform this procedure unsupervised? This is debatable. 
Thoracic surgeons and their trainees are the most experienced to deal with chest 
drains; however, the idea that surgeons should look after all chest drains in the 
hospital is ludicrous and logistically unachievable.
The technique of drain insertion keeps changing. The BTS guidelines in 1993 
recommend using a trocar (harpoon!); however, deaths had been reported from 
Figure 3. 
Bubbling test after stapling an apical bulla. More stapling was needed until the lung was watertight.
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their use, and subsequently, the BTS changed its recommendations in an updated 
report in 2010 [10, 44]. Harris et al. reported on current practice and adverse 
incidents related to chest drains at 148 acute hospitals in the UK between 2003 and 
2008 [45]. Thirty-one cases of chest drain misplacement were reported with seven 
deaths. Misplaced drains were inserted in the liver (10), peritoneal space (6), heart 
(5), spleen (5), subclavian vessels (2), colon (1), oesophagus (1) and inferior vena 
cava (1). One of my previous mentors at the University Hospital of Wales, the late 
Mr. Ian Breckenridge, has previously stated that “I regard trocar systems as poten-
tially lethal weapons, and their misuse has been responsible for the few fatalities 
that I have seen, when heart, lung and liver have been lacerated” [46]. Similar seri-
ous injuries and fatalities were reported elsewhere [47–57]. Trocars are now banned 
from the UK. It is stating the obvious that the litigation expenses accompanying 
these cases are exorbitantly costly to the hospital trust and the taxpayer in the UK.
Clinicians differ about the choice of drain type and size [58]. Physicians and inter-
ventional radiologist tend to choose small calibre drains (medical drains), such as 
pigtails, 12F or 14F, whereas surgeons tend to put larger tubes +24F (surgical drains) 
[10, 59, 60]. Drain kinking, blockage and accidental dislodgment are common com-
plications of small-bore drains (Figure 5). Per contra, Riber et al. in a retrospective 
study concluded that surgical (wide-bore) drains significantly increase the dwell time 
in primary SP [61]. Although they may be effective in managing pleural infection and 
less painful than large drains, small-bore drains may be less effective for pleurodesis 
[58]. The war between chest physicians and chest surgeons around the calibre of the 
chest drain will continue. Chest physicians have evidence that for air drainage size 
does not matter and a 16F drain is as good as any. Surgeons see the dysfunctional 
spectrum of these drains and correct the situation by inserting larger drains.
A persistent air leak with or without re-expansion of the lung is the usual reason 
for consideration of the use of suction, although there is no evidence for its routine 
use. The optimal level of suction on the drain is controversial, and so is the optimal 
time of its removal [62–66]. Data on the actual intrapleural pressure during the use 
of these systems is lacking [67]. Most of the knowledge is extrapolated from studies 
after lung resection, and protocols for pneumothorax drain insertion are scanty. 
It seems that the practice is a personal preference rather than evidence driven. We 
tend to believe that initial suction will guarantee the full expansion of lung and 
improves the chances of pleurodesis.
Recent introduction of the digital drainage systems seems to offer more physio-
logical and dynamic mobile suction, assisting in enhanced early recovery [68, 69]. Its 
Figure 5. 
Dysfunctional medical drain (14F) removed to insert a surgical drain (28F) for pneumothorax. Twisting and 
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their use, and subsequently, the BTS changed its recommendations in an updated 
report in 2010 [10, 44]. Harris et al. reported on current practice and adverse 
incidents related to chest drains at 148 acute hospitals in the UK between 2003 and 
2008 [45]. Thirty-one cases of chest drain misplacement were reported with seven 
deaths. Misplaced drains were inserted in the liver (10), peritoneal space (6), heart 
(5), spleen (5), subclavian vessels (2), colon (1), oesophagus (1) and inferior vena 
cava (1). One of my previous mentors at the University Hospital of Wales, the late 
Mr. Ian Breckenridge, has previously stated that “I regard trocar systems as poten-
tially lethal weapons, and their misuse has been responsible for the few fatalities 
that I have seen, when heart, lung and liver have been lacerated” [46]. Similar seri-
ous injuries and fatalities were reported elsewhere [47–57]. Trocars are now banned 
from the UK. It is stating the obvious that the litigation expenses accompanying 
these cases are exorbitantly costly to the hospital trust and the taxpayer in the UK.
Clinicians differ about the choice of drain type and size [58]. Physicians and inter-
ventional radiologist tend to choose small calibre drains (medical drains), such as 
pigtails, 12F or 14F, whereas surgeons tend to put larger tubes +24F (surgical drains) 
[10, 59, 60]. Drain kinking, blockage and accidental dislodgment are common com-
plications of small-bore drains (Figure 5). Per contra, Riber et al. in a retrospective 
study concluded that surgical (wide-bore) drains significantly increase the dwell time 
in primary SP [61]. Although they may be effective in managing pleural infection and 
less painful than large drains, small-bore drains may be less effective for pleurodesis 
[58]. The war between chest physicians and chest surgeons around the calibre of the 
chest drain will continue. Chest physicians have evidence that for air drainage size 
does not matter and a 16F drain is as good as any. Surgeons see the dysfunctional 
spectrum of these drains and correct the situation by inserting larger drains.
A persistent air leak with or without re-expansion of the lung is the usual reason 
for consideration of the use of suction, although there is no evidence for its routine 
use. The optimal level of suction on the drain is controversial, and so is the optimal 
time of its removal [62–66]. Data on the actual intrapleural pressure during the use 
of these systems is lacking [67]. Most of the knowledge is extrapolated from studies 
after lung resection, and protocols for pneumothorax drain insertion are scanty. 
It seems that the practice is a personal preference rather than evidence driven. We 
tend to believe that initial suction will guarantee the full expansion of lung and 
improves the chances of pleurodesis.
Recent introduction of the digital drainage systems seems to offer more physio-
logical and dynamic mobile suction, assisting in enhanced early recovery [68, 69]. Its 
Figure 5. 
Dysfunctional medical drain (14F) removed to insert a surgical drain (28F) for pneumothorax. Twisting and 
overtight anchorage stitch obliterated the drain lumen.
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routine use has been recommended by the National Institute for Health and Clinical 
Excellence (NICE) after VATS pulmonary resections [70]. For how long should 
we leave the drain? One day, 1 week or more? Some believe (including the author) 
that if the drain is not serving its purpose, it should be removed. It is our practice to 
remove the drain the day following the surgery, provided the digital drain registers 
absence of air leak and the lung is fully expanded on the chest X-ray. The backdrop 
of such an approach is to accept reinsertion of the drain in a minority of patients 
when we get it wrong. The patient is allowed home after a normal chest X-ray has 
followed the drain removal. Others are more conservative and of the opinion that 
for the pleurodesis to succeed, the drain should remain in situ 3–7 days. We tend to 
send patients home with a Heimlich valve (flutter bag) if air leak persists more than 
3 days and follow them weekly in the outpatient clinic. There are no RCTs to compare 
drain dwell times, and therefore general rules apply. In the absence of air leak while 
suction is off, and the lung is fully expanded on the chest X-ray the drain could safely 
be removed, otherwise; recurrence of pneumothorax is guaranteed.
There is a general consensus that drains should never be clamped [10, 71]. 
However, some of us do clamp drains and send patients to the radiology department 
for a chest X-ray, in preparation for removing the drain despite the air leak. It must 
be emphasised that this management should remain selective. This “provocative” 
approach in removing the drain despite air leak was described before by Kirschner 
et al. and Cerfolio et al. [72, 73]. If the chest X-ray shows the lung stuck to the chest 
wall after 2 weeks of tube time, we clamp the tube and send the patient for another 
X-ray. If the patient is clinically well and there is no change in lung expansion, 
then the drain is safely removed without bothering to close the drain site, which is 
usually either infected or has necrotic margins that take stitches badly. A pressure 
dressing is all that is needed. The stuck lung does not collapse, and the drain site 
closes in a week or two by secondary intention. The patient has to be reassured 
about the hissing sound through the drain site, which stops within a week or so.
To complicate matters further, air could entrain back into the chest at the time 
of drain removal. This usually leads to a small residual pneumothorax, which does 
not expand on subsequent radiological examination. It is important to realise the 
difference between erroneous drain removal and recurrence of genuine air leak. The 
incidence of this complication is technique-dependant and proportional to the expe-
rience of the staff member allocated for this task. Instructions given to the patient at 
the time of removing the drain are crucial. Again RCT about removing chest drains 
on full inspiration, full expiration, mid inspiration or Valsalva manoeuvre found no 
statistical difference, and therefore no evidence-based practice could be extrapolated 
[73, 74]. The rate of absorption of air in the chest is roughly 1–2% of the volume of 
the hemithorax every 24 hours, and complete re-expansion usually takes 2–7 weeks 
[75]. However, this might be too late for pleurodesis. By that time the parietal pleura 
(in the case of pleurectomy) would have healed, and the partially collapsed lung 
would not stick to the chest wall. Likewise, pleurodesing agents might be diluted or 
washed away by the reactive effusion, resulting in treatment failure.
From the above discussion, it is safe to conclude and agree with Lim that “No 
single aspect of postoperative care in general thoracic surgery is subject to more 
variation than the management of chest drains, … yet almost all thoracic surgeons 
and institutions manage chest drains differently” [76].
6. Pneumothorax and pregnancy
Spontaneous pneumothorax during pregnancy is rare but not unusual [77, 78]. 
Notoriously pneumothorax recurs during pregnancy and poses risks to the mother 
63
Controversies in Pneumothorax Treatment
DOI: http://dx.doi.org/10.5772/intechopen.87141
and foetus during labour. In addition, exposure to radiation of the X-rays in the 
first trimester is tied to foetal deformities and abnormalities. There is no unified 
evidence-based practice to guide management in this scenario. Historically it was 
managed by intercostal drainage for the rest of the pregnancy duration, thoracot-
omy at any stage, premature induction of labour or caesarean section. The clinician 
must be aware that even in the first trimester, the diaphragm moves cephalad 
approximately 4 cm. The classical landmarks for drain insertion do not apply.
The most contemporary recommendation of management is a conservative 
approach. Expectant management is recommended if the mother is not dyspnoeic 
and there is no foetal distress and the pneumothorax on the chest X-ray is not signifi-
cant (<2 cm). Symptomatic mothers could have needle aspiration or drain insertion 
to resolve the pneumothorax. There is no consensus as what to do with non-resolving 
pneumothorax, but in our centre, we tend to assess the risk in conjunction with the 
obstetrician’s advice and perform a VATS bullectomy and partial parietal pleurec-
tomy. This is safe in the first trimester but should be avoided after that.
With regard to advice to the risk during labour, we adopt the one given by Lal 
et al. and the BTS guidelines [10, 79]. Elective-assisted delivery (forceps or ventouse 
extraction) at or near term is recommended, with regional (epidural) anaesthesia. Less 
maternal effort is required with forceps delivery, which theoretically reduces the chance 
of recurrence. Close cooperation between the respiratory physician, obstetrician and 
thoracic surgeon is essential, requiring delivery to be undertaken in a tertiary referral 
centre with all three specialties under one roof. If a caesarean section is unavoidable, 
then a spinal anaesthetic is preferable to a general anaesthetic. To avoid desaturation 
and tension during general anaesthesia, a prophylactic intercostal drain could be con-
sidered as a safety measure. It is advisable that the mother should undergo elective VATS 
procedure after convalescence due to the risk of recurrence in subsequent pregnancies.
7. Pneumothorax and air travel
Commercial air traffic is on the rise. The number of medical emergencies on-board 
aircraft is increasing as the age-increasing general population becomes more mobile 
and adventurous. Travellers with respiratory diseases are at particular risk for in-flight 
events. Exposure to lower atmospheric pressure in a pressurised cabin at high altitude 
may result in pneumothorax. Gas expansion within enclosed spaces in the human 
body could expand by 25–30% at the typical cruising altitude of a commercial airline 
flight, causing significant hypoxia. Patients at risk are those with bullae, cystic lung 
disease, lymphangioleiomyomatosis (LAM), pulmonary Langerhans cell histiocytosis, 
cystic pulmonary adenomatoid malformation (CPAM) and cystic bronchiectasis [80].
The currently available guidelines are admittedly based on sparse data and 
include recommendations to delay air travel for 1–3 weeks after thoracic surgery or 
resolution of the pneumothorax [80]. No fatalities have been reported due to pneu-
mothorax on-board aviation generally; however, true incidence of specific illnesses 
associated with air travel has been difficult to assess.
The diagnosis of pneumothorax can be career limiting in the US Air Force. Once 
an SP has been diagnosed in an individual, he/she will be grounded from further 
flight duties until either 9 years have elapsed without a recurrence or there has been 
a bilateral parietal pleurectomy [81].
Barotrauma during or after scuba diving (also on the rise) can rarely lead to 
pneumothorax, especially on sudden ascent not allowing time for equilibrium. The 
data is sparse, and there is no solid recommendation about this sport in the litera-
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8. Genetics and pneumothorax
A lot of work needs to be done in the field of spontaneous pneumothorax that 
runs in families. Genetic profiling in patients presenting with pneumothorax might 
be indicated, in the hope of finding defective genes that expose conditions such as 
Marfan, Ehler Danlos and Birt-Hogg-Dubé syndromes [82]. These have one thing 
in common, defective connective tissue. Patients may or may not have pre-existing 
lung cysts before their pneumothoraces, which can be bilateral and recurrent. 
Risk stratification of other siblings needs to be calculated and predicted [83]. The 
importance of this subject is realised by frequent flyers, pilots, airhostesses and 
scuba divers. They need to know the risk and whether prophylactic procedures 
would be a wise thing to go for. By the same token patients who are expected 
to require lung transplantation at one stage in their life, such as cystic fibrosis 
patients, require special consideration of treatment. Pleurodesis seems to render 
transplantation a difficult task, but this is not a prohibitive contraindication. It 
might be prudent to discuss the case with a lung transplantation centre before 
embarking on such treatment [84].
9. Complications of pneumothorax treatment
Getting the treatment of pneumothorax right is of paramount importance. 
The decision of which procedure to go for might not be crucial to fit patients 
but might endanger the lives of compromised patients. Patients with cardio-
pulmonary compromise, severe COPD and emphysema might have very little 
cardiopulmonary reserve, so much so they tolerate lung collapse poorly. Air leak 
is known to be a killer after lung volume reduction surgery for severe COPD 
patients. Assessment for general anaesthesia is essential for compromised 
patients. Consideration of alternative local or spinal/extrapleural analgesia might 
be required.
Insertion of intercostal tubes under non-sterile conditions leads to infection 
and empyema with formation of a thick rind over the visceral pleura, trapping 
the lung in a collapsed position. Lung re-expansion is formidable in this scenario. 
Formal thoracotomy and lung decortication might be required to re-inflate the lung 
and prevent chronic empyema with a permanently infected cavity. We never push 
an intercostal drain few centimetres into the chest (as possibly suggested by the 
chest X-ray). Pushing a bit of the unsterile part of the tube inside the chest leads to 
empyema. It is, however, safe to shorten a drain by pulling it out and re-anchor it 
with a fresh stitch.
Severe surgical (subcutaneous) emphysema could complicate insertion of a 
chest drain. The clinician should be aware of the position of the last lateral holes of 
the tube, which should always be inside the bony chest (Figure 6). Until the advent 
of the digital systems, which tell us exactly how much air is leaking, quantifying 
air leak visually was a subjective bias. No leak, countable bubbles, and coalesced 
bubbles were the measures of air leak in the underwater seal systems. This subjec-
tive assessment leads to days of unnecessary drain dwell time. Urgency of this 
complication is highlighted in ventilated patients in the intensive care. Insertion of 
a second large intercostal drain, subcutaneous cannulae and subcutaneous small-
bore drains on suction has all been tried with varying success. It should be noted 
that fixed wall suction in these cases might lead to tension pneumothorax and the 
drain must be on gravity mode without suction. Information about how to deal 
with surgical emphysema is very sparse, and the management of severe air leak and 
surgical emphysema is controversial.
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Should the need arise for a second drain to replace a dysfunctional one due to, 
e.g. blockage or kinking, the second drain should not be introduced at the site of the 
removed first one to reduce the risk of empyema. A fresh stab wound is better in the 
long run.
And last but not the least is the question of pain and analgesia which should 
be carefully worked out before and after surgical procedures or ward bedside 
pleurodesis. Talc pleurodesis is known to cause severe pain that can result in cardiac 
arrest, and it is, therefore, prudent to pre-empt it by administration of opioid anal-
gesia before introducing the talcum powder or slurry [85]. The question of whether 
postoperative non-steroidal analgesia (NSAID) is detrimental to pleurodesis is not 
resolved. RCT have shown a negative predictive effect of such drugs to pleurodesis 
and increased incidence of recurrence. Therefore, it is best to avoid them in the 
immediate postoperative period [86, 87].
10. The future
There is a trend for single-port VATS procedures under sedation/epidural anaes-
thesia [88]. The so-called tubeless surgery has a lot to commend, avoiding the risk 
of general anaesthesia, early recovery and discharge from hospital. However, they 
have the inherent caveat of suitability for selected patients. Understanding of the 
technique and cooperation in case of conversion to general anaesthesia is mandatory.
Advances in diagnostic techniques have increasingly allowed the identification 
of lung abnormalities in patients previously labelled as having a primary sponta-
neous pneumothorax. This allowed different managements from that of simple 
pneumothorax. A good example of this is demonstrated in secondary SP. The 
choices for lung reduction surgery and the advent of valves have revolutionised the 
options for this category of severe COPD [89]. Bronchial valves have been used to 
treat prolonged air leak, especially in ventilated patients in the intensive care, with 
Figure 6. 
Lateral holes of the intercostal drain are outside the chest, a common cause for surgical emphysema.
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large air leaks and inflated lungs [90, 91]. In future we might see expansion of the 
use of “easily removable” and temporary bronchial valves especially in the subgroup 
of patients who are high risk for surgical intervention.
As the cost of VATS surgery comes down, as well as capacity increases in tertiary 
referral hospitals, we will see more of the operative treatment for first episode of 
spontaneous pneumothorax, on a semi-urgent basis (1–2 days from start of epi-
sode). Better risk stratification will identify those at high risk of recurrence and put 
them forward for early operation.
The economic reality of reducing cost and the technological advances might 
team up to drive change. It is possible to see scenarios whereby pneumothorax is 
treated as a day case. Patients are discharged home on the same operative day, with 
a chest drain in situ. They would be asked to enter the reading of air flow from the 
digital device daily. The information is transmitted by a social media application 
such as WhatsApp to the hospital which instructs the patient to call in for removal 
of the drain. Better still, the visiting district nurse could pay the patient a visit at 
home to remove the drain without the need for readmission. Fiction? Perhaps not!
Currently robotic surgery is too expensive for this type of surgery, and we have 
not come across any meaningful publications in this regard. However, when robotic 
expenses come down in due course, we might see a surge in the use of the robot.
11. Conclusion
Many controversies surround the management of pneumothorax. Surgical 
intervention either by VATS or open procedure leads to less incidence of recurrence. 
The variability in reported outcomes and the paucity of published multicentre 
randomised controlled trials highlight the need for further studies to investigate the 
best options for pneumostasis and pleurodesis.
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large air leaks and inflated lungs [90, 91]. In future we might see expansion of the 
use of “easily removable” and temporary bronchial valves especially in the subgroup 
of patients who are high risk for surgical intervention.
As the cost of VATS surgery comes down, as well as capacity increases in tertiary 
referral hospitals, we will see more of the operative treatment for first episode of 
spontaneous pneumothorax, on a semi-urgent basis (1–2 days from start of epi-
sode). Better risk stratification will identify those at high risk of recurrence and put 
them forward for early operation.
The economic reality of reducing cost and the technological advances might 
team up to drive change. It is possible to see scenarios whereby pneumothorax is 
treated as a day case. Patients are discharged home on the same operative day, with 
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11. Conclusion
Many controversies surround the management of pneumothorax. Surgical 
intervention either by VATS or open procedure leads to less incidence of recurrence. 
The variability in reported outcomes and the paucity of published multicentre 
randomised controlled trials highlight the need for further studies to investigate the 
best options for pneumostasis and pleurodesis.
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